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7 N raking the liberty 70 by this 
little per formante before you, T 
do it with the View to beg the pro- 
tection of your ſociety, ſo wiſely and 
generouſly efabliſhed for the advance- 
ment T 0g, art ofeful in civil Efe. 


T enjoy the er happineſs " if 
to be born a ſubje# of Britain, Þ 
AS.” haves © © 


iv DEDICATION. 

have at times roamed from the boutt- 
daries of this beautiful ſpot : in de- 
claring that the motives of my ex- 
cus ſions were not altgether diſcom- 
mendable, I only mean to lay claim 


zo 4 [mall ſhare of induſtry. 


The firſt of my fludies in architec= 
ture was at a foreign proteſtant aca- 
demy of note, which has long been 
honoured by a ſucceſſrve refidence of 
numbers of the young nobility of theſe 
kingdoms, and of the firſt rank. 


A few years after, while Europe 
breathed a ſhort peace, I took that 
opportuni ty to viſit other countries ; 
but J ſoon haſtened to Italy: it was 
there I did fit down. with all the ap- 
plication I was capable of, and en- 
4 deavoured 


DEDICATION. *» 
denvoured to anſwer in ſome meaſure 
the chief purpoſes of my errand. © 


The jubjeft I have choſen to handle 
is 4 brunch of it, but à branch that 
ſeems to have been but little confidered 
by the architefs of this country. I _ 
underfland that there is a defion ir- © 
refragably fixed upon and to be put 

in execution; whether this defign is 
without very exceptionable errors, is a 
 Jueftion now 100 late 30 be conſidered. 
— Far be it from me to inſinuate, 
that the Better or Worſe has not been, 
as far as they were able, attended to 
by ' thoſe who have the management 
of this great work. Nor can it be 


once imagined, that the leaſt tinc- 


ture of partiality ſhould affect any 
body of men at this glorious pe- 


A 3 riod, 
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710d, when the moſt important affairs 
are managed from the THRONE it. 
ſelf, with unparalelled candor, pru- 
dence, and vigour ;. and that the 
world ſees ſuch. an illuſtrious" pat- 
tern of extenfive munificence and be- 
nevolence in your <1 _ 
J am, | 


Nanny 


Adi moſt humble, 
4d moſt abedient, CB: 
moſt devoted ſervant, | 


Hera- Hill near 8 | 
9 April 1760, | ' 's 


STEPHEN Riou, 
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PREFACE. 

T IHE conſtruction of bridges is an 

| eſſential part of the architect's 
ſtudy, yet 1 know of no- book 

in the Engliſb language that treats of it 

with the detail and method that it re- 

quires, 


By detail, js to be underſtood all the 
practical obſervations and rules, which are 
to be deduced from experience, or from 
the writings and converſations of ſuch ar- 
tiſts who have been long employed in 
works of the ſame ſort, and will honeſtly 
communicate their practice, ingenuouſſy . 
point out any errors they or their aſſociates 
may have committed, and generouſly « offer 

the moſt likely means of further improve- 

ment; for without all thoſe helps, and the 

other conſiderations — 
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In vitium ducit culpæ fuga fi caret arte. 
| Hos, 


By method I mean all that relates to 
the deſign of any undertaking, and the ſe- 
veral previous ' queſtions to be agitated. 
Herein the architect muſt have recourſe to 
the ſeveral aids of geometry, mechanicks, 
Sc. But I mean not that high geometry, 
which, by plunging into the depths of 
analytic reaſoning oftentimes unfathom- 
able, is on many occaſions at a loſs to de- 
termine the moſt common caſes. — The 
ſubject before us by no means requires it; 
why need they have recourſe to the qua- 
dtature of the circle, or of the ellipſis, for 
the calculation of the contents of arches, 
| and to determine the reſiſtances they re- 
i quire ? -— Theſe will be found ſufficiently 
| exact, by conſidering the curvature of the 
arches as polygonal, and their vouſſoirs as 
ſo many tectilinear inclined planes, in dif- 
ferent directions according to which their 
8 and preſſures are diſcoverable, and 

thence 


thence may be determined the requifite op- 
poſed ſtrength of the piers, ſo that each 
arch may ſtand independent, without af> 
fecting, or being affected by any other. 


How theſe ends are anſwered, by the 
rules I have ſelected, I leave to the judg- 
ment of others. I muſt acquaint the rea- 
der, that I have ſuppreſſed, for brevi 4 
ſake, and the time preſſing, the tedio 
neſs of demonſtrations, eſpecially as the 
nature of the propoſitions will yery ſufft- 
ciently declare, to what part of geomet 
or mechanicks they may be referred, an 
treatiſes for theſe ſciences are undoubtedly 
in every gentleman's pale. 


» auf S* £ 


M. Gautier, from a long experience in 


theſe forts of fabricks, did compoſe'a moſt ' 
uſeful * treatiſe upon bridges; but the 
editor has not done juſtice to ſo valuable 
a work, by not having it properly digeſt- 


ed for the preſs, or the plates engraved in 


a neat and correct manner, and moſt of 
the 


Trait des ponts, &c. 8 vo. Parks 1728, 
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the figures are without ſcales. Under all 
theſe diſadvantages, it contains eyery ne- 
ceflary operation for the ſtructure of 
bridges, with all the imaginable precau- 
tions to ſecure the foundations, and many 
uſeful] tables and remarks 


; i 9 this r s time, we have had 
| our Capital embelliſhed with a very mag- 
nificent ſtone- bridge. which may have af- 
| forded much experience in the practical 

part, to thoſe who had the opportunities 
to attend upon this building through its 
different periods, did they do it with re- 
| quiſite judgment. It is to be regretted 
that the ingepious and honeſt * gentle- 
man, who was appointed over this work, 


did 
$5 + 


Mr. Charles Labelie, native of Feuay in Swit- 
 2erland, his merit as an Hydraulict engineer is fur- 
ther manifeſted in a very high degree, by a fine 
plan of a new harbour in the Downs, to come up to 
Sandwich, intended ſome years ago, but the expence 
then appeared too terrible. A ſad principle in the 
| RT politicks of a nation, either in works of war or peace 
when certain and known benefits will attend the con- 
trary, if not to us, to our deſcendants, 
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PREPHCE 4 
did not at the finiſhing of it, publiſh all = 
the- particulars of the + mechaniſm of this 
grand ſtructure, in a manner he was capa- 
ble of * it, e ſatisfaction af the 
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Id this little * Eibe 3 
2 my ſentiments upon the choice of 
arches, and to lay down a nee method uf 
my own invention to determine the thick- 
neſs of a pier, according to the height 
and baſe' of any given arch, and to the 
intended length of the pier, from tlie 
ſpringing of the arch downwards. In the 
practical parts, I have conſulted the tre- 
tiſe above-mentioned, and another * au- 
thor of later date, whoſe lab6urs Have 
been many years employed with great 
aſſiduity for the advancemenit® of every 
branch of mann neceſſary to —_—_ 
veal | i 0 99 


Bx5102s e and other — writ- 
| ings, much may be N oy frown ſe- 


* Science des i ingenieurs, par Belidor, & c. 
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veral modern books relating to antiquity, 
[Theſe may greatly prevent any violence 
being done to the chaſtity of ancient mo- 
dels; at the ſame time that they warm 
the imagination by their accounts. of for- 
mer grandeur, The works of Deſgodetz, 
Maut ſaucun, and Bergier trait des grands 
cbemins de I empire. among many others, 


e ee 


W e 


Ir will not bs aol place to * 
here, that in all edifices, the juſt weno- 
nomy of materials, which produces like- 
wiſe an economy in the workmanſhip, 
are objects worthy all the attention and 
{kill of the artiſt, who makes a deſign, 
and inſpects the execution of it; for how 
ignominious muſt it be for an architect 
(an appellation too often proftituted) not 
to be able to aſcertain the exact dimen. 
Gons, that will give the due ſolidity to an 
.edifice? and not by under-rating them, 
10 riſk its ruin; or by over-rating them, 
occaſion ſuch ſuperfluous expences, which 

32 either 
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either publick or private, might eller here 
be more TP employed. 


Haix ſignified, that the name of 2 
chitect is too commobly proſtituted, let us 
give 8 flight fetch of the qualifications: 
requiſite to this character. Firſt, the baſe 

of all others, on account of the great 
truſt, ſhould be à perfect integrity; then, 
as Sir H. Wotton obſerves, © that archi- 
tecture can want no cofnmendatian, 
* where there are noble men or noble 
minds,“ it muſt follow, that the pto- 
feſſor of it ſhould poſſefi moſt of the libe- 
tal endowments, and maintain a due con- = 
nection with other arts and ſciences ; fac” 
from being educated with a trowel in his 
hand, his education ſhould have been 


planned, as Horace informs us of his own, 
by the care and indulgence of an 0 
tionate father or parent. : 


— - purrum 92 auſur Roman portare,” 
docendum © 0 


Artes, 


„„ FRNEPAOE. 
Artes, quas  doctat go VIS wes boy. 5 
ſenator 
Semet prognatos, 


Wuar is obſerved of the ancient ſta- 
3 tuaries, in a late very elegant inquiry in- 
| to the beauties of painting, may be ſaid 
of their architects; The ſtatuaries of 
& Greece were not mere mechanicks; men 
et of education and literature, they were 
* more the companiohs than ſervants of 
* their employers ; their taſte was refined 
* by the converſation of courts, and en- 
* larged by the lecture of their poets : 
« accordingly the ſpirit of their ſtudies 
„ breathes through their works.“ | 
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* INDExp, one of our beſt writers has 
inſinuated, that it generally is the me- 
cc thod of ſuch who are in love with any 
6 particular ſcience, to diſcover all others 
« in it.” — Be that as it may, that great 
man was certainly miſtaken, though per- 


Raps wilfully, to imagine that Martial 
| threw 


 #* Adaiſor's dialogues upon medals: 
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threw the cryer and the archite& into the 
ſame claſs, in any other parallel than that 
of the lucrative acquiſitions of their pro- 
feſſions, and then we ſhall ſee, that in- 
ſtead of dull or ſtupid, for dur; muſt be 
conſtrued griping or tenacious, (in that 
ſenſe hard) a vice that may influence the 
morals of the artiſt, but not his intelle&s. * 


Artes diſcere vult pecunioſas? | 
Fac, di ſcat, citbarædus, aut choraules. 
Duri þ puer ingeni videtur 

* Preconem facias vel arcbitectum. 


56 Epig. lib. v. 


Ir what I ſhall offer ſhould prove uſe- 
ful in the leaſt, my chief ends are an- 
ſwered; my apology. to the publick can 
be no other than the zeal of my inten- 
tions, juſtifiable upon the authority of a 
ſpirited writer. I ſhall give it in his on 
words and 1 


| Ora 
fructuoſa. Vide 8 Epig. lib, 6. N. Vi 


„ 


vi PREAFACE. 


Ora cor qual orchio rimirarſi, e con 
guale cuore da un buon cittadino pus ſoffe+ 
rirfs. di ueder gittato il tempo e tanti fini 
marmi, e tanti danari fi mal impiegati, e 
guaſe diffi perduti in apere che in wece 
d accreſcere ornamento al noſiro I hellifſima 
puſe ne vanno anzi ſcemando tutto di la 
bellexaa ed i} pregio? Ben di cio fi la- 
menta il noſtro M. S. Mafei nella ſua eru- 
ditiſima Verona illaftra ed ha da tutto di 
lamentarſene chiungque ha buon guſto, e fano 
intendimento; ma non percis miglioramento 
alcuns f ved. Queſta confiderazione piu 
dogni altra cofa m ba ſtimolato allo ſcrivere 
e publicare queſta qualſiaſi opretta; che 
regni liberale uomo e obligato per la ſua 


 Patria @ porre anco in pericolo, quando per 


I difeſs abbiſognaſe ie progrie: wie 
* 


0 Procraio del Ca. Ale deore al cue aan 
di M. S. Micheli. Ferona 1735. 


+ This happy iſland, as richly deſerves ahe epithet 
When the Romans had it in their dominion, they 


thought ſo, 


Britennion quad maximum du imperis bee ot. | 
Spartianus i in Severo. 
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molto piu deve, e ſudori, e faticbe, e quel 
talento, che o molto o Fun il dator dognt 
bene a lui concedette, per eſſa impiegare 3 
ne ſchivar deve d incontrare moleflie e con- 
trarieta, qual ora per giovare al publico gh 
convenga opporfi e ad abufi univerſalmente 
radicati, e a fall \ communemente 
abbraciate. ; 


Tars excellent critick has ſufficiently 
taken notice of the abuſes and corruption 
in the taſte of civil architecture in '[raly, 
at firſt introduced by two rivals and co- 
temporaries, Bernini and Borromini, juſt 
on the ſpot where the moſt venerable piles 
of antiquity offer their glorious remains 
Theſe two artiſts did not introduce their 
unwarrantable novelties ignorantly, but 
through a ridiculous affectation of fingula- 
rity.— And the worſt is, that their charac- 
ters were of conſequence enough to give 
ſanction to their follies. — The infection 
has totally ſpread through moſt countries 
in Europe. — It has at laſt reached this 

A iſland 


- 


2 
— 22 ORTYy 


— 9 
r Tc 


9 
1 
* 


a . — — — — — 


— r PPP i os Sens 
* 2 3 * * * 1 
1 


xvili PREFACE. 


iſland with the additional mixture of 
* Chineſe, Gothic, French, &c, — Even 
the deſigns of Inigo have yielded to the 
eaprices of the times. Could one be rea- 
ſonably blamed to wiſh for a return of 
the uncultivated rudeneſs of the barbarous 
ages? La rogezza de de barbari ſecoli? 


THEREFORE whatever deſign may be re- 
quired of the young architect, let him fetch 
his rules from the ſchool of + antiquity, let 
him follow the ſteps of thoſe great men 
who firſt diſcovered her beauties, tho' de- 


* faced 
* I do not fo abſolutely condemn theſe extrava- 
gancies in the inner decorations and furniture of ſome 


papticular apartments of a building, or for ſuch works 


as are made of timber, to be diſperſed in different 
quarters of a garden, park, &c. In ſuch ſituations 
they afford an agreeable contraſt and pleaſing variety, 
— But then let their beauties be always conſidered as 
accidental, and not poſitive. 


+ If any object againſt the dryneſs of theſe prin- 
ciples, — the ſubject requires it: for though in 
e practical knowledges, every compleat example may 
« bear the credit of a rule, yet peradventure rules 
c ſhould precede, that we may by them be made fit 
«to judge of examples.” Sir H. Wotton. 
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faced and darkened for ages with the thick 
miſts of a barbarous ignorance ; the moſt 


judicious were content to reſtore them in 
their original chaſtity, without the wan- 
ton alterations of a miſguided fancy ; by 
their example let him never delineate any 
thing that has not the truth of ſcience for 
its baſis, that ſo it may prove paſt all 
doubt of irrationality in the execution. 
Tra quod non poteſt in veritate fieri, id non 
putaverunt in imagimbus. factum poſſe cer- 
tam rationem habere. 
f 

Tuts is a maxim that deſcended to 
Vitruvius, who eſtabliſhed it by Kis prac- 
tice and writings about eighteen hundred 
years ago, 
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S TONE BRIDGE S. 


SECTION I. 
Of the parts of a flone-bridgei”* 
| _ 8" [© - 


? 


I. BRIDGE of ſtone, or of brick, 
| or of any ſuch like materials, 


has two butments which are 

its two extremities, reinforced with ptoper 

walls, —Sometimes they are raiſed againſt 

rocks, or other ſolid earths, capable to re- 

fiſt the drift or ſhoot. of the arches, ac- 
cording to the diſpoſition of the place. 

"0 2. 


ARCHITECTURE 
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2 Short Principles for the 


2. A bridge has one or ſeveral open- 
ings, called arches, for the paſſage of the 
waters of a river, deſigned of ſufficient 
extent, if poſſible, that at the times of 
inundation, the waters may have free 
courſe thorough. The number of arches 
in any bridge, ſhould always be unequal, 


3. Tux piers ſerve to ſupport the arches. 
The faces againſt the ſtream, from their 
foundation up to the high water-line, 
are generally drawn circular or rectangu- 
lar. Theſe two fronts are preferable to 
all others, as they divide with greater 
facility. the current of the water, which 
afterwards glides thorough the arches in- 
tended for its paſſage. 


ALL theſe things are fo differently made 
in different ſorts of bridges, with reſpect 
to the materials, the ſituation of places, to 
the more or leſs butments they require, to 
the weight of bodies, to the good or bad 
foundations, that they will require each 
its particular notices. g 
» . 1 | BRIDGES 


Arcbitecture of Stone- Bridges. 3 


Br1DpGes have other parts, not ſo eſ- 


ſential as thoſe already mentioned. Theſe 


are, 1. The parapet with or without ba- 


luſtrade. 2. The banquet, or raiſed foot- 


paſſage. 3. The eyes or niches between 


the arches, and all other decorations judged 
their proper ornaments, ſuch as turrets, 
ſtatues, columns, &c. 


SECT. Il. 
Of the projects of bridges. 


HENEVER a bridge is proje&t- 
ed, the following conſiderations 
require due attention, 


1. To take an exact plan of the ſpot 
where the bridge is intended; this plan 


muſt give, very truly and preciſely, the 


extent of the water, the extent of the 
gravel, if there is any, the borders of the 
river, and the roads or ſtreets W lead 
upon the bridge. 


B 2 | 2. 
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4 Short Principles for the 


2, Uro this plan is defigned the pro- 
ject of the intended bridge, with its due 
number of arches and piers. A bridge muſt 
always be placed ſquare upon the ſtream 
of the river over which it is built. The 
angles of the piers * muſt never decline 
from a right-angle, for its ſtrength hereby 
will be more liable to be diminiſhed, 


3. Uro this ſame plan a line is traced 
from ſhore to ſhore, which is to cut the 
bridge exactly in the middle of its breadth. 

This line is marked out in the river by 
b ſtakes exactly correſponding. The depth 
4 of the water is ſounded at every fathom, 
or ſix feet, or at every two or three fa- 

thoms, 


A This is remarkably contradicted at the bridge 
iN at Rimini, where the ſides of the piers form oblique 
angles, with the two external fronts of the bridge. 
The only reaſon I can diſcover is, that the bridge be- 
ing fixed to croſs the river at that ſpot, obliged the 
architect to deſign the plan of the piers ſo as to give 
the water an uninterrupted courſe through the arches, 
whoſe ſides are ſuppoſed to have been drawn in the 
fame direction with the old ſtream. Palladio's deſign 
of this bridge is entirely erroneous, 


Architecture of Stone-Bridges. 5 


thoms, as the caſe may require; theſe 
ſoundings are to be made with ſuch care 
as not to deviate from the right line; they 
are either done by ſmall ropes, or long 
poles, with weights at the ends to fink 
them. 


4. Tux ſoundings of the water being 
finiſhed, and marked upon the plan, by 
their depths, is drawn a ſection or profile 
of the bed of the river upon the ſpot 
where theſe were taken; this will give the 
heights of the two ſhores, the depths of 
the water, and the bottom under water, 
whether gravel, rock or ſand, to which 
attention muſt be had, to mark out their 
differences in the profile. By two lines 
drawn acroſs this ſection, the heights of 
high and low water muſt be marked out, 
they are exactly level, and drawn parallel 
to each other. ä 


5. Tux next operation is by means of 
an. iron ſound, of due length to ſound the 
bed of the river. The end of the ſound 


B 3 is 


1 
mn 


5 Short Principles for the 
is barbed like the head of an arrow, only 
it has four inſtead of two. It is worked in 
for ſome feet into the bottom, and brings 
upon its barbs ſuch bits of earth as it has 
met with ; accordingly there muſt be ſet 
down in a memorial drawn up for the 
project of the bridge, the qualities of the 
earth it has met with ſeverally ſpecified. 
Some ſounds are made with ends like the 
end of a gimblet, which turned wrong- 


ways takes up nothing, and having pe- 


netrated the defired depths is turned in 
Its true manner, and brings up with it a 
ſample of the earth it meets with. Where 
the bottom is very gravelly, a pile ſhod 
with iron muſt be firſt drove in, and be- 
ing taken out again, it gives admittance 
to the ſound, 


Trxsst trials cannot be done without 
great circumſpection, and fome expence, 
they are abſolutely neceſſary towards the 
project of a bridge ; which requires every 
precaution for the eſtabliſhing the work 

on 


* 
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on the moſt ſecure principles, and adjuſt- 
ing a true eſtimate of the caſt, - 

6. Having certain informations of the 
conſiſtence of the different bottoms, whe- 
ther ſand, clay, grayel, rock, &c. the pro- 
ject of the bridge may then go on. The 
fair plan of the piers and arches is accord- 


ingly deſigned, with all their determined 
circumſtances. 


7. Tis done, (in ſome caſes) account 
miſt be taken either from authentick re- 
cords, or from ſome of the oldeſt inhabi- 
tants in the neighbourhood, of the higheſt 
inundations that have happened. 


8. ENQUIRY is then made of the ma- 
terials intended to be employed in the 
work. For a ſtone- bridge, the architect 
muſt enquire, whence the free- ſtone is to 
come, whether ſoft or hard to cut, how 
it is to be conyeyed, its nature more or 
leſs ſtrong, to bear the preſſure at the reins 
of the arches, and their weight: for ſome 

B 4 ſtone 
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_ to the body of water that they have 


8 Short Principles for the 
ſtone is ſo ſoft on juſt coming out of the 
quarry, that it eaſily breaks and ſhatters if 


the vouſſoirs are made too little, What 
rubble or ragged ſtones are to be uſed in 


"hs inſide work, or perhaps bricks. — The 


of the mortar that can be made; 3 
fo wards the number of workmen ne- 


| War 1 to finiſh ſo much work in ſuch a 


time—for there are only eight months in 
the year in our climate, that theſe works 
ſhould go on vigorouſly thro? all their parts, 
from the beginning of March to the end 


of October. 


. 


Of the breadth, depth, and rapidity f a 


river, and to determine accordingly the 
fixe and number of arches and piers. 


HE waters of a river run with more 
or leſs rapidity, as they are more or 


leſs contracted. When a bridge is built 


upon a river, the piers of it occupy a ſpace 


diſ- 
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_ diſplaced; and this being forced from its 
place runs with greater rapidity through 
their intervals, the arches; and: the river 
gains in depth what it ſo loſes in breadth. 
If the breadth of a river is diminiſhed . 
one third by the interpoſition of the piers, 
and that the depth of this river is only 
two fathoms, or twelve feet, in the fame 
place, before its courſe was impeded, it 
will afterwards increaſe to be three fa- 
thoms deep, This experience is fully 
proved in any river, for its waters will be 
found twice as deep in that'part, where 
its breadth is only half of another. The 
bottoms are here fuppoſed level, and of 
the ſame nature and conſiſtence. The in- 
creaſe of the rapidity of the current is alſo 
equal to the diminution of the breadth of 
a river; thus a ſtream which runs with 
10 degrees of rapidity, if reduced in breadth 
. one-fifth, will run with 12 degrees of 
rapidity in that immediate ſpot. This in- 
creaſe of rapidity may give an additional 
power to the body of water to tear up its 
bed, though before it could not. This 
may 

2 
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may alſo take effect at the foundations of 


the piers, and thereby occaſion the de- 
ſtruction of the bridge. 


Tur more or leſs declivity of the bed 
of a riyer, increaſes more or leſs the vo- 
lume and rapidity of the water below. 
This declivity, when very ſudden, forms 
what is called a caſcade, or water-fall.— 
The waters above, towards the ſource, 
are very ſtill and quiet, while thoſe lower 
down are very rapid and violent; it was 
this accident in nature which firſt taught 
the uſe of flood- gates and locks, — Near 
ſuch places, where a bridge ſhould be re- 
Þ quired, great precautions muſt be taken 
* for the ſecurity of its foundation by ſtar- 
v lings, or the like means, as we ſhall in- 
dicate in a following ſection. 


"i BRIDGEs, if poſſible, are not to be built 
A in a very narrow part of a river, where there 
is any probability of the water riſing to a 
confiderable height; nor ſhould ever the 
water be ſo forced through the arches of 

a 
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a bridge, as to threaten deſtruction to the 
piers; the moſt effectual means to pre- 
vent it, would be to cut away the banks 
of the river, equal to the ſpace the but - 
ments and piers might occupy in the river. 
The ſtream thus relieved for any obſtruc- 
tion, would run under the arches, without 
any acquired degree of rapidity, 


Tus breadth of a river may require 
from one to nineteen * arches, and more, 
the apertures of the arches may be from 
thirty feet to one hundred feet, and up- 
wards, The deeper the river, the nar- 
rower arches muſt be adopted, but ſo as 
to be capable of giving free courſe to the 
navigation uſed upon that river. 


Bz1iDGes from three to five arches, may 
have their center ones much wider than 
their others. But all above ſhould have 
their lateral arches to decreaſe very gra- 

| dually 

* The Pont St. Eſprit over the Rhine has nineteen 


conſiderable arches, beſides ſeveral ſmall ones, in one 
of the butments. 


12 Short Principles for the 


dually in their breadths from the center 
one. Such proportions will afford the 
moſt exact and pleaſing ſymmetry, and 
augment their reciprocal ſtrength. 


THE heights of the banks of a river 
determine whether the arches ſhould be 
ſemicircular, or under ; but this makes no 
alteration in dividing the breadth of the 


5 river into ſuch a number of arches, or in 
8 fixing the extents of their baſes. 
v 
* 
9 er. w. 
4 Of the butments ef ſtone- bridges. 
bi | 
= HE foundations of the butments of 
"3 a ſtone-bridge, muſt have their re- 
4 turns equal to that of the piers, if the diſ- 
*.| . a * * 
1 poſition of the place requires it. 
"il Tux wings, whether carried out at the 
1 ſides, or in front, muſt follow the deco- 
8 1 . 1 
ko ration of the work, for the plinths, cor- 
1 | | 
i dons, 
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dons, entablature, &c. nor muſt they in- 


terrupt the ſlope of the bridge. 


In the following problem for determin- 
ing the thickneſs to be given to the but- 
ments, it is ſuppoſed for a bridge of one ſin- 


gle arch; becauſe, ſhould the bridge contain 


many others, it is never but the efforts of 
the two extreme arches which is conſi- 
dered—for all the intervening arches mu- 
tually maintain in their drift, one againſt 
the other, an equilibrium ; unleſs theſe 
arches are much wider towards the cen- 
ter, than thoſe at the extremities of the 
bridge. For then it might happen, that 
the efforts of the greater arches would 
influence too much the drift of the lefler. 
The butment, therefore, muſt be duly 
ſtrengthned, according to theſe conſider- 
ations : 


« Jo find the thickneſs to be given to the 
« butments of an arch.” (Fig. I.) 


Mr. Gautier gives this conſtruction. 
Prolong the diameter MA indefinitely toC, 


raiſe 


227 > A 4 e 
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raiſe the perpendicular AD indefinitely 
at A. RR vie 


Draw AE to the middle of the arch, 
and with the aperture AE, from the fixed 
point A deſcribe the quadrant DEB, this 
will cut AM in B, and AD in D. Now 
AB, AE and AD are equal from con- 
ſtruction, being radius of | the ſame circle ; 
make AC equal to AB. 


THren draw BD to cut the hypothe- 
nuſe in I; from I let fall the perpendi- 
cular IL upon AD, this will be the half 
of AB. From the point E draw EG in- 


definitely, to cut AD in H, and carry IL 


from H to G for the thickneſs of the 


butment, which is deſcribed by the figure 
GVHA. 


Tux demonſtration he gives, is as fol- 
lows. It will appear upon examining this 
figure, that CB being on a level, and AB 
being conſidered as a beam, it cannot re- 
main in that ſituation, if there is not op- 

| | poſed 


T4 
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poſed to it from A to C an equal power on 


the other {ide of A, taken as its fulcrum z 


but AC is equal to AB in power, weight, 


or length, &c. then AC keeps AB in equi- 
librium. Now let us ſappoſe AB of a 
power equal to go degrees. 


IMacine AB taiſed perpendiculatly 
upon itſelf at A, as AD, fo that-inclining 
neither to one fide or the other, it neither 
ſhoots towards B or C, therefore it re- 


quires no power to ſuſtain it. But as it 


lay horizontally at firſt from A to B, we 
ſuppoſed its power to be expreſſed by 90 
degrees. 


Bor let it be raiſed to AE, between AD 


of no degrees, and AB of go degrees, it 


will in this caſe have its power expreſſed 
by the mean proportion of the power AD 
of no degrees, and of AB 90 degrees, 


which is 45 degrees; ſo that the power 


of AE is 45 degrees, and therefore the 
half of AB, which is AN, is ſufficient to 
COP the beam AB at this eleva- 


tion 
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tion of AE. Now AN, IL, or HG, are 


equal by conſtruction, ſo that AB being 
to AD, as IL to LD, the ſhoot AE of 
the arch AEM will be HG, as that of 
the beam AB, in an horizontal poſition, 
was AC. 


Tun butments of the lower arches are 


determined by a ſimilar conſtruction. 


oer. . 
Of the choice of arches, 


T HERE are only two ſorts of arches 
| that ſhould be deſcribed for bridges, 


vg. the ſemicircular, and the ſcheme 


arch. 


ELLIPTICAL and Gothjck arches were 
never admitted by the Roman and Grecian 
maſters. My own particular reaſons to 
condemn them, and for voting for their 
entire abolition, are as follow: 


I. 
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1. THe elliptical arch is of a poor 


meagre and falſe figuration; it is too 


much evacuated at the reins. The curve 
that forms it, and conſequently the vouſ- 
foirs, having by conſtruction * ſeveral cen- 
ters, it cannot be near ſo ſtrong as an arch 
whoſe radii are traced from one center, 
and therefore it is much leſs capable to 
bear the action of ſome great weight, or 
of a violent ſhock, or even its own drift. 


2. 1 Gornick arches are of ſo barba- 


rous an aſpect, that it is ſufficient to con- 


| demn 
ba E quantp dit f potrebbe degli arche, & di certe 


nuove curvature, e di certi nuovi loro ornamenti ! 
Eſſi piu intorno ad un fol centro n'on s aggirano, ma 
o hanno piu centri, o framiſchiati ſono, di linẽe rette, e 
d'angoli, tanto che privi reſtano di quel nervo a reg- 
gere cio, che, ſovra di ſe ſoſtentano, neceſſario, e che 


alla loro circolare figura naturalmente ſi conviene. 


Proem. dal Co. Aleſſ. Pompei agli cinque ordini di 
M. S. Micheli. Verena 1735. 


+ I had fixed my RE before the following 
note preſented itſelf to my notice.—As for thoſe arches 
which our artiſans call of the third and fourth point, and 
the Tuſcan writers di terzo and di quarto acuto, becauſe 
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demin them upon this account alone. 


The inſpection of their ſummits ſhews, 
that this arch is made up of the mangled 
portions of two curves interſecting one 
another with a harſhneſs as grating as the 
moſt repugnant lines in nature. The ſu- 
periority of their ſtrength, alledged by 
fome, is not a ſufficient motive, all things 
conſidered, to render them acreptable. 


3. Tux Catenarian arch has all the diſ- 


agreeable appearance of the Gotbict, and 


therefore as little eligible ; for the arch 
tecture of the whole, and every part re- 
quires a ſtrict congruity in all its lines.— 
Indeed it has the peculiar property from 
its conſtruction, that all its vouſſoirs being 
of equal weights ſupport themſelves in 
they always concur in an acute angle, and do ſpring 
from a diviſion of the diameter into three, four, or 
more parts at pleaſure ; I ſay, ſuch as theſe, both for 
the natural imbecillity of the fharp angle itſelf, and 
likewiſe for their very uncomelineſs, ought to be exiled 
from judicious eyes, and left to their firſt: inventors 
the Goths or Lumbards, amongſt other reliques of tha 
barbarous age. Sir H. I/atton, 
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equillbrium; but as this property can be 
given to the vouſſoirs of the ſemicircular 
arch, as we ſhall hereafter notice in its 
proper ſection, let us requeſt to have this 
arch for the future confined to the regions * 
of ſpeculation, with many other valuable 
diſcayeries in theory, which require more 
than human ability to bring chem into 
real practice and execution. 


$ECT. VI. 


To deferibe an arch of any given hight 
a2 nd 34ſe. | 


*HE arch y we mean to deſcribe (Fi ig. 2) 
is called a ſcheme arch; it has its 
baſe AB equal to that of a ſemicircle, and 
its height is taken upon the perpendicu- 
lar radius CD; the moſt commons heights 
are either CE two thirds, or EF the 
half of the radius. But the height of the 
atch may be fixed occaſionally at any other 
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intervening point at pleaſure, * This was 
the praQtice of the ancients, where the 
ſemicircle was found too high. | 


For the conſtruction. Firſt draw AB 
for the baſe, biſſect it at C by an indefinite 
line at right angles. Suppoſe CE for the 
required height of the arch; from the 
points E and A deſcribe the interſections 
at X and Y, and through theſe draw a 
right line to interſect the indefinite per- 
pendicular O; then with OA taken for 
radius, deſcribe the arch AEB, whoſe given 
height was CE, and whoſe baſe is AB. 


| In the fame manner any other may be 
deſcribed, as AFB, &c. &c. GS. 


In arches where a greater height LY, 
be required than the radius CD, (Fig. 2. ) 
the baſe of the arch may be taken at 7, s, 

3 to 
"WM Et pluſtot que de les ſurbaiſſer par des ellipſes 
ils ont mieux aime ſe ſervir d'une portion d'un plus 
grand arc, comme j'ai remarquè au pont du gard.— 
Traits des ponts. 
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to which the lines of prolongation Ar 
and Bs, are drawn perpendicular; but Ar 
and Bs muſt never exceed a fixth part of 
the diameter of the arch. 


« Or all others (ſays Sir H. Wotton of 
c arches) thoſe are the gracefulleſt, which 
© keeping preciſely the ſame height as. a 
< ſemicircle, ſhall yet be diſtended one 
« fourteenth part longer than the ſaid di- 
« ameter; which addition of diſtent will 
e confer much to their beauty, and de- 
* tract but little from their ſtrength.” _ 


SECT. VII 
Of the ar chivolt 5 key-ſlone, and vouſſorrs,' 


THE defired arches being traced ac- 
cording to the determined baſes and 
heights, the archivolt, when one is in- 
tended, is next to be deſcribed by a pa- 
rallel exterior circle from the ſame cen- 
ter, the interval between the two circles 


e ſhould 


22 Short Principles for the 
ſhould never be leſs than a fifteenth of 
the aperture of the arch. This propor- 
tion has been obſerved at that venerable 
pile of antiquity the Pont du Gard. — In 
others it has the tenth, and ſometimes the 
twelfth of the opening of the arch v. But 
theſe meaſures are not applicable to arches 
under thirty feet for their baſes : for theſe 
det the following regulation determine. 


An arch of fix feet aperture requires 
the key-ftone and archivolt of one foot 
and a half, and an arch of thirty feet di- 
ameter requires only two feet; therefore 
to all the intervening arches, from ſix feet 
to thirty feet, allow to every foot of ex- 
tent in the diameter half an inch to the 
archivolt. Thus an arch of twelve feet 
in the baſe will have an afchivolt of orte 
foot nine inches; and ſe for the reſt. 

8. The lengths of the key-Rones always exceed by 
a little the breadths of the archivolt; and in fixing the 
lengths of the vouſſoirs, 'tegard muſt be hid to the 
ſofter or barder qualities of the ſtone. 
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.. Taz vouſſoirs are all the ſtones which 
compoſe the archivolt; their joints being 
prolonged tend to the center of the arch, 

and are part of the radii drawn to interſect 
its circumference, the two vouſſoirs at each 
extremity reſt upon the jmpoſt. In the 
next ſection, the manner in which an arch 
is ſaid to ſhoot, ſhall be fully explained. 


| SECT. VIIL 
270 find bow the ſhoot or driſt of an arch 
is made. (Fig. 3.) 


F one conſiders the arch YAZ having 

a number of equal vouſſoirs, theſe 
vouſſoirs are cut in ſuch a manner, that 
their joints prolonged unite in the center 
of the {ſemicircle : ſo that the vouſſoirs be- 
ing wider at their convex parts than at 
their concave, muſt be looked upon as 
wedges which ſupport one another, and 
mutually reſiſt the efforts of their weights 
which diſpoſe them to fall. 
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Now let OADF mark the centers of 
gravity of theſe ſeveral vouſſoirs, and be- 
ginning at the key-ſtone draw through 
the points A and O a line AV, perpendi- 
cular upon the face C, and through the 
points A and D draw another perpendi- 
cular AP. Upon the fide B draw like- 
wiſe another, DQ upon the face E; and 
ſuppoſe perpendiculars drawn upon the 
face of every vouſſoir. This ſtated, con- 
ſider the key- ſtone as ſupported by the 
two adjoining vouſſoirs, as by two in- 
clined planes, it acts in the ſame man- 
ner as a wedge, which being introduced 
into a body, tends to ſeparate it in two by 
an effort which is made according to the 
directions AB and AC, perpendiculars to 
the two inclined planes BI and CI. For 
one may here take the weight of the wedge 
for the power which acts upon it. Thus 
the two powers which ſuſtain the ſides BI 


and CI in equilibrium, againſt the force 


of the wedge, will act according to the 
directions of AP and AV, which are per- 
mw pendiculars 
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pendiculars to the faces of the ſame; and 
as theſe directions unite at the center of 
gravity A, where it is ſuppoſed that the 
whole weight or power of the wedge is 
collected, it may then be aſſerted that theſe 
ſuſtaining powers require ſo much the more 
force as the angles PAI and VAI will be 
more open, or which is all- one, as the 
faces BI and CI are leſs inclined from 
the vertical AI; for if the fides of the 
key-ſtone were infinitely little inclined, or 
were almoſt perpendicular to the horizon, 
the directions of the powers P and V be- 
ing in this caſe, in one right line directly 
oppoſite to each, it would require an ex- 
treme degree of force to ſupport the weight 
of A, taken for that of the key- ſtone; 
whereas the more the angles are acute, 
formed by PA and VA upon the line Al, 
the leſs power will be requiſite, ſince 
their directions not being then ſo oppoſite 
one to the other in a right line, they 
will a& the more forcibly to ſupport the 
weight at A. 
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WHar has been ſhewn for the key- 
ſtone, may alſo be conſidered for the vouſ- 
ſous D and O.—Let us take the vouſſoir 
D for example, which having by con- 
ſtruction the figure of a wedge, will like - 
wiſe endeavour to drive off the adjoining 
faces, but not ſo forcibly at E as A acts 
upon B, becauſe the plane EI being more 
inclined than the plane BI from the ver- 
tical Al, the angle OD K, formed by the 
D and DK, is more acute than PAI, 
In the ſame manner the vouſſoir F will 
make ſtill leſs effort againſt the face G, 
than the foregoing one D againſt the face 
E, becauſe the angle RFL is more acute 
than the angle QDK. Now as all the 
ſuſtaining. powers from the key-ſtone, to 
that which is laid horizontally upon the 
pier, will always take effect according to 
Auch directions as will make the angles 
more acute upon the perpendiculars, let 


fall from the centers of gravity of the 


woulloirg, their. efforts will go on in di- 
miſhing; and as theſe powers have been 
wm” N ſup- 


3135 4 
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fappoſed equivalent to the efforts of the 
vouſſoirs, it then follows, that the vouſ- 
ſoirs act with leſs power according to their 
ſeveral declinations from the pet te to 


GI 


IT muſt however be obſerved; that the 
vouſſoir which is aboye another, has more 
power to puſh the under one, than this 
has to drive it off; and as the vouffoirs 


from the key-ſtone, to the ſpringing of the 


arch, act gradually with a lefs degree of 
force upon thoſe which are immediately 
under them, the uppermoſt always di- 
mimithes its power, as the planes EI and 
GI ate more inclined to the horizon; be- 
cauſe then theſe planes ſupport a greater 
weight, conſequently that which tends to 
fall takes leſs effect againſt the reſiſting 
power, ſo that the efforts of all the vouſ- 


foirs in deſcending from the key-ſtone to 


the impoſt, diminiſh in the ſame propor- 
don as they increaſe in aſcending TI 
_ to the key- ſtone. 
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As there muſt be upon the baſe of the 
pier a point whereon terminate all the ef- 
forts of the half arch, it muſt be remark- 
ed that this point coincides with the angle 
8, and muſt be looked upon as the ful- 
crum or prop of a lever, which indeed is 
not ſenſible to the eye, but is not leſs ſo 
in reality, as will appear by what follows. 


Ir the ſhoot or drift of an arch was not 
divided along each quarter of the circle 
AY and AZ, but was all fixed to the two 
points, as Y and Z, this would produce 
on both ſides ſuch a bended lever as YSH, 
whoſe powers would be applied at the ex- 


tremity Y of the arm SY, and the weight 


which is equivalent to the ſtrength or re- 
ſiſtance of the pier at the extremity H of 
the arm SH. But as there are as many 
powers as there are vouſſoirs, excepting 


the two Y and Z, which have no ſhoot 


becauſe of their horizontal ſituation upon 


the impoſt, therefore every power muſt 
have its own particular lever, and its lever 


may 
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may be expreſſed by a line placed in its 
ſtead. Now as theſe lines can be no other 
than the perpendiculars SP, SQ, SR drawn 
ſo upon the lines of direction of the ſu- 
ſtaining powers PD, QF, RG from the 
fulcrum 8, it is eaſily perceived to what 
all this mechaniſm is reduced; ſo that to 
proportion the thickneſs of a pier to the 
ſhoot of an arch, the effort of each vouſ- 

ſoir muſt be known with reſpect to its own 


abſolute weight, and the perpendiculars 
SP, SQ, $R, &c. 


TukEE eee may be drawn 
from what is already ſaid on this ſubject. 


1. THAT in an arch whoſe vouſſoirs 
are not connected by any cement, as we 
ſuppoſe in the caſe here offered, the nar- 
rower they are at their heads or convex 
parts, the greater drift the arch will have, 
for the more their faces approach to the 
vertical AI, the longer will be the per- 
pendiculars SP, SQ, and SR, which are 

taken 
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taken as the ſeveral arms of the levers, 
and this will accordingly increaſe the drift 
of the 2 | 


2. Tuan the thicker the arch is at the 
ſummit, the greater will be the drift of 
the arch; for this increaſes the weight of 
the vouſſoirs neareſt to the vertical Al, 


and conſequently they will make a hens 


effort to fall. 


3. Tur the higher the piers are from 
their baſes to their impoſts, they muſt be 
made wider, the better to refiſt the ſhoot 
of the arches, which is increaſed by the 
levers SP, SQ, SR being made longer 
from every additional height of the pier. 


LET us now come to mention how the 
vouſſoirs of the ſemicircular or ſcheme 


due proportion the weight of each vouſ- 
ſoir, as it declines from the perpendicu- 
lar that paſſes through the center of the 

key, 
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key, and by theſe means that they all. 
may ſupport one another in equilibrium. 
This will be adopting the properties of 
the Catenarian, without admitting the diſ- 
ne figure. of * curve. | 


(rig 4 ) Face in center ” for off 


AB equal to fa, the breadth of the ar- 
chivolt at the key-ſtone, let the point B 
ſerve for the center of an eccentric circle 
to defctibe the heads, or convex ſides of 


each vouffoir declining from fa towards 
Cd, and lower, acquiring a due additional 
weight, will alſo gain the defired pro- 
perty, &c. | 


T IS artifice ſhould only be execut- 
ed for the inner work, and not to appear 


on the exterior revetment, or. faceings of 


the. arch. It was very ſkilfully adopted 


and practiſed at Weſtminſter-bridge, as may 


be ſeen from a longitudinal ſection, by 
which the ſoffets or vaults of the arches 


are 


the vouſſoirs, with the interval FB. Thus 
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are rendered firm and ſolid in the * 
poſſible degree. 


M. Gautier adviſes to have all the vouſ- 
ſoirs ſo exactly jointed, that they might 
lay one * to the other as ſmooth as poſſi- 
ble, without any cement, and only to point 
the outſide of the joints with ſome very 
fine mortar. When they are laid upon 
mortar, however good it may be, their 
priſe one to the other is not by a thou- 
ſandth part ſo ſtrong as the ſmooth faces of 
the vouſſoirs, and other large ſtones + one 

| upon 
In the ingenious account of the bridge at Rimini, 


by T. Temanza a Venetian architect, he ſays, that all 
the vouſſoirs, and other ſtones of that fine work, have 


their faces that lay one to the other ſo exactly joint- 


ed, that a hair could not paſs between them. He 
believes that there were particular artificers among the 
antients, whoſe buſineſs was thus to ſmooth the joints 


of the ſtones, and quotes the Theode/ian code as mak- 
ing mention of _ by the title of —— 


+ Where the faces of ſtone are thus curiouſly 
ſmoothed, it precludes almoſt entirely the air, this 


ſtrengthens their adheſion, , and contributes to me. 


duration of all the interior parts. 


Arebitecture of Stone-Bridges. 
upon the other; for mortar; or other cce- 
tnent, only ſecures a work in the union 
of ſmall materials, where it becomes a 
conſiderable part of the whole maſs ; but 
great blocks of ſtones are ſuperior to the 
weak alliance of any cement, their reci- 
procal adheſion one. to. the other inſures 
the ſolidity of the pile, not forgetting 
how greatly their mere weights contribute 
thereto. Theſe conſiderations are not in- 
tended to exclude the neceſſary precau- 
tions of iron pins, which the ancients uſed 
to fix in the lower ſtones, well ſoldered 


with lead, and alſo covered them with an 


integument of the ſame matter, to pre- 
vent the bad & effects of the ruſt from the 
penetration of moiſture, which will always 
make its way however intimately the faces 
were in contact, or the joints cloſed; moo, 
Theſe pins were admitted of the _— 


* Theſe effſeſts are noted by les Batifla Alberts 
Sed nos ex veterum operibus intelleximus ferrum cor- 
rumpi & nequicquam durare : æs vero durare & prope 
=ternum eſſe, quin & ferri rubigine marmora W. 
6ꝙꝛͤ——— HY 
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they ſtood out from the under ſtones, into 
the upper ones.— It was only the external 
ſtones of an edifice that were ſecured with 


theſe pins: each vouſſoir of the . of 
Rimini has three. 


SECT. IX. 


To determine the thickneſs of the pier of 
any given arch, the length of the pier 

from A, the ſpringing of the arch, to the 

 founaation p not exceeding AC, the half 
of the diameter AB. (Fig. 5.) 


ROLONG the diameter AD inde- 
finitely towards Y and Z, draw the 
chord of the quadrant AD. 


_ Divivzs AD into two equal parts at G, 
from the point G let fall the perpendicu- 
lar GK, upon the baſe AB ſet off the in- 
terval Ak from A to u, for the thickneſs 

of the pier of the arch ADB. Then draw 
the tangent. at A at right angles with AB, 
and thro' A a parallel line to the tangent, 
CCC 
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ſet off Dx for the thickneſs at the key- 
ſtone &, and draw 5x an indefinite line 
parallel to AB, afterwards yp for the foun- 
dation of the pier, and the conſtruction 
will be finiſhed, 


Io determine the thickneſs of the piers 
of any of the lower arches, draw their- 
chords from the point A to the perpendi- 
cular D; then with the interval AG de- 
ſcribe a portion of circle GHIO, and from 
the points of its interſections, with the: 
chords, let fall the perpendiculars HJ, In; 
to interſe& the baſe AB; and the inter- 
vals Al, Am will give thickneſs required, 
for the piers of the arches, which have- 
their heights raiſed, as CE and . __ 
the common baſe AB. 


Bur the thickneſs An is to reſiſt * 
effort of two half arches, as AC and Wa; 
therefore it muſt only be At that is to be 
conſidered as the thickneſs to bear the * 
fort of the half arch AD. 1 61 

D 2 Nov 


According to the rules laid down in Sect. VII. 
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Now though it is uſual to conſider no 
ſenſible thickneſs in the ſuperficies of 
figures, yet we may ſuppoſe their ſuperficial - 
dimenſions to ſtand for weights; and when 
all the parts of a figure are homogeneous, 
its powers are expreſſed by the value aſ- 


ſigned to the lines which circumſcribe its 
ſuper ficies. 


Fox a demonſtration of the problem 
we here give, let us conſider the half arch 
as made up only of two parts; the one 
fixed as Ars upon its baſe FA, having 
its center of gravity fixed within A; the 
other, swxD acting as a wedge, intro- 
duced between 5w and xD, will endea- 
vour to drive off the part TAwr in pro- 
portion to their reciprocal magnitudes , 
therefore the fuperficies of /Awrs muſt 
never be found leſs than that of the part 
sSwxD; for if that were allowed, the ef- 
forts of the wedge would ſoon make way 
and fall through. the two inclined planes, 
to the deſtruction of the arch.. 
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Tux reſiſting powers are ſuppoſed as 
equal on the fide xD of the wedge, as 
on its kde . 


Tux tables M. Gautier lays down in 
his treatiſe he compoſed from a long ex- 
perience and obſervations, I have endea- 
voured to deſcribe the above diagram, that 
through its ſeveral operations it might cor- 
reſpond nearly to his tables; yet I hope it 
will be found a much readier method for 


the intended purpoſes, and not ſo liable to 
occaſion miſtakes. 


| In cafes where Ap is required ſhorter or 
longer than the ſemi-diameter AC,take the 
mean proportional of half of the required 
length of the pier, from the point A to the 
bottom of the foundation of the reſpective 
interval Ak, Al, Am, &c, according to 
the intended arch. For example, let it be 
** for the deſired height of the pier, equal 

D 3 to 
* On ſuch occaſions, where the piers of an aquæ- 


duct were to be determined, it can be ſolved by this 
problem. 1 


of ad. WS dtd * * „ — 
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to 15 feet, the half of it is ſeven feet and 
a half, theſe added to Ak, taken for 10 
feet, make 17 feet: the half of this laſt 
product is 8x feet for the thickneſs of a 
pier that has Ag equal to 15 feet. 


* Or this is found 
by geometrical con- 
N ſtruction; make AB 
; Xi equal to the half of 
A B C Ag, and BC equal to 
Ak, join them together in a right line, 
and on the whole AC. deſcribe a ſemi - 
circle ADC, and draw BD at right angles 
to AC from the point B, and let AD, DC 
be joined. Thus DB will be found the 
mean proportional between AB, BC. 


Bx the remains of antient bridges we 
learn, that the thickneſs of the piers was 


the third part of the arch's aperture, and 


ſometimes the half of the ſaid aperture. 


The moderns have imagined this to be 
more than a falten breadth, and have 
fixed 


9 , Euclid, VI "FS 13 prop, — 4 


Arrbitecture of Stone-Bri Ages. 29 


fixed the thickneſs of a pier to one fourth, 
one fifth, one ſixth, &c. of the arch's ex- 
tent; the vague and uncertain rules they 
lay down cannot ſerve, to any effecual 
purpoſes, on that head. 


TE dls wr left behind them 
full and various proofs, that all their works 
were undertaken and executed with ratio- 
nality, and according to the beſt rules of 
{cience, could never have allowed ſo great 
a thickneſs to the piers without ſufficient 
cauſe. It js well known that in 1taly, as 
in other mountainous countries, the rivers 
are liable to terrible inundations, the ra- 
pidity of their ſtreams is increaſed by the 
declivity of their beds from their ſources 
downwards. The great inundations of the 
Tiber, tho' not periodical, have happened 

frequent enough to break down its bridges, 
without the aſſiſtance of the devouring jaws 
of time; they have oftentimes been buried 
deep in water, and in ſuch fituations the 
ſummits of the arches muſt inevitably 
have been torn away, if the thickneſs of 


D 4 the 
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the piers had not afforded them ſufficient 
reſiſtance. 


I have with great aſtoniſhment ſeen the 
marks to which the Tiber has roſe in the 
latter ages; they are inſcribed againſt the 

outward wall of the church of Str. Maria 
alla Minervg in Rome, — There, at the 

height of fourteen Roman palms above 
the pavement of the ſtreet, is this. in- 
ſeription, 


Nada recepta, Pontifex 
Frerraria 
Non ante tam Superbi 
Huc uſque Tybridis 
Inſanientes, execratur 
Vortices 
A. D. M. D. XC VIII. 


. Unvzx it, at a mark twelve and a 
half Ronan palms, is the following, 


A, 
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Octau. dis. Odtob. Pont. 
vero S. d Dni. 
N Pape VIE. ann. „ In. 
Huc 7 iber aſcendit, Jan 


Obruta tots fuiſſet 
— niſi buic = int 
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To ad farther how my pier OA? 
certain breadth is able to ſupport the two 
half arches. Let it be ſuppoſed, than an 
equivalent quantity of materials, to their 
contents, was placed immediately upon the 
pier, and confidered only as a cotumn, the 
heights and diameters of the otders of ar- 
chitecture, we are convinced, are eſtabliſh- 
ed upon juſt meaſures of beauty and 


ſtrength. 


Now any pier under the above ſuppo- 
fition, whoſe thickneſs and height anſwers 
nearly to the proportion of a column, may 
juſtly be faid to have its full proportion 

of 
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of ſtrength. Two examples will ſerve to 
verify the truth of this ſuppoſition, 


1. In the ſemicircular arches A and B, 
whoſe opening we ſhall lay down at 40 
feet, the thickneſs of the key-ſtone 4 feet, 
that of the pier 10 feet, the height from 
the ſpringing of the arch to the founda- 
tion 20 feet. Then we. ſhall ſoon find 
how many breadths this pier will give in 
height. | 


1 


For the ſuperficial dimenſions of yacd bs 


(Fig, 6.) 44 by 10 = - 440 feet 
« (1 defg 20 — 4 2 80 3 


For the triangle e g 60 
For the triangle ep 60 


— 


9 X | , , 200 
For the ſame in the arch 520 _ 


IR 


oY feet. 


Tus anſwers a to a dai who 
height i 1s about eight. times and a half its 
. and approaches near to the ſym- 

metry 
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metry of the Dorict, that ——— 
of ſtrength. 


2. Fox the ſecond example we will 
take the two ſcheme half arches C and D. 

THrE1R ſemi-diameters are each 20 feet, 
the thickneſs of the key- ſtone 4 feet, that 
of the pier 13 feet, the length from ò the 
riſe of the arch, to the foundation, 20 feet, 
the meaſures will be as follow, (Fig. 7.) 


For yacdbx 34 by 12 =" 442 

defg 20 by 4 800 

The triangle efg — G ö 
The OT epb — 20 


| — 


160 ä 
For the quant. of the + arch D \ 160 352 


——_— 


Feet 762 


Tus dimenſions in height amount to 
about four times and a half the thick- 
nefs of the pier: and this proportion is 
indiſputably beyond any ſuſpicion of weak- 
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neſs. — The firſt Dorick columns did not 


riſe in height much more, as appears by 
thoſe of an antique temple at Peſa near 
Salerno in the kingdom of Naples, and 
others in Greece; all are walkout any 
baſes. 


WA thickno. of a pier eien two 
pokes of different heights and breadths, 
js determined by taking the thickneſs al- 
lowed to the greateſt half arch, and the 
thickneſs required for the leſſer half arch; 
and theſe two quantities, added toge- 
ther, give the thickneſs for the inter- 


vening yy 


8 E C T. - 
of the plans, ſeftions, and elvations, of 


decoration, 


HRE E plans are generally neceſ- 
. fary for the fabrick of a bridge, 
The Firſt is that of the foundation under 
the Pers with the particular circumſtan- 


ces 
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ces attending it, whether gratings, yu 
_ planks, caiſſons, Se. . 


8 Tur Hoon a the ww of the piers aud 
arches, with the ſpandril walls and croſs 
walls, whoſe interſtices are filled with ma- 
terials leſs expenſive than free-ſtone, ſuch 
as chalk, flints, coarſe ſand or gravel ; but 
they muſt be well beat in by layers, without 
the leaſt mixture of earth, for fear of pe- 


riſhing the ſolid maſonry,. and Rey 
the vouſſoirs. 


Tu third is the plan of the ſuper- 
ſttructure, with the paving of the road 
that goes over the bridge, the banquet of 
flat ſtones on each ſide of it, and raiſed a 
foot or more above it for the paſſage of 
people on foot. The breadth of the Pont 
Neuf at Paris is ſixty feet; the thirty 

| in 


This bridge was built upon the deſigns of Fra 
Giocondo Veroneſe, a man of univerſal knowledge; he 
firſt reſtored the text of Vitruvius, which he ſays was 
neither legible or intelligihle; he was invited into 
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in the middle is allowed for carriages on 
each ; the foot way is fifteen feet; half of 
this breadth on both ſides, is taken up by 
ſtalls of pedlars of different wares. —This 
ſhould by no means be imitated. — The 
breadth of a bridge for a great city ſhould 
allow paſſage for three carriages and two 
horſemen abreaſt, with a banquet on each 
fide for three foot paſſagers in the ſame 
manner. | 


Tux breadth of other bridges, either 
in the country, or in towns of leſs con- 
courſe, allow them carriage-way for two 
abreaſt, and the banquet on each fide from 
three to five feet broad. 


Tree ſections are neceflary to diſplay 
the materials employed in the interior ele- 
vations, and their diſpoſitions ; one lon- 
gitudinal, taken upon a line drawn exact- 
ly in the middle of its breadth through- 
out its entire length, from one butment to 
the other, THE 
France by Louis XII. for this and other buildings ; he 


travelled to Rome, and other parts of Italy, and died 
in his vwa country in a decrepid old age. 
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. Tag ſecond upon its breadth, taken 
through the ſummit of an arch. 


Tax third alſo upon its breadth, E 
upon any one pier. 


Tux elevation of a bridge is figured in 
one deſign, for both fronts are made and 
decorated alike, It would be an unac- 
countable innovation to make them dif- 


ferent. In this elevation is expreſſed the 


exterior aſpect of the materials with which 
it is raiſed, and in what manner they are 
worked and decorated. 


By the decoration of a bridge is un- 
derſtood the ſame as of any other edifice, 
where the ſkill of the architect is employ- 
ed in the proportions of the parts to the 
whole, and adjuſting the variety of mem- 
bers and parts of the orders in their ſuit- 
able places. The parapetof a bridge ſtands 
upon the cordon or plinth that runs acroſs 
each pier, and over every key-ſtone. — 
Oftentimes this plinth is left plain, or at 

| moſt 
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moſt only a quarter round, with a nar- 
row fillet underneath; however, it is ſome- 
times changed into a cornice with blocks 
of modiplions, then all the other parts are 
adorned ſuitably. The key=ſtone and ar- 
chivolt muſt have their mouldings. The 
vouſſoirs will alſo admit of ornament. The 
piers may have niches, with or without 
columns, entablatures, pediments, conſoles, 
feſtoons, &c. The parapet has its parti- 
cular cornice and plinths, with or with- 
out a baluſtrade of ſtone, or of caſt metal 
like that at the Pont? St. Angelo at Rome. 
It has alſo, at certain diſtances, pedeſtals, 
which may be crowned with globes, vaſes, 
pines, or ſtatues, heroical or emblemati- 


cal, or firſt a column with its entablature, 


and then the ſtatue, vaſe, &c. 


TaluurHAL arches, colonnades and 
porticos, are ſometimes imagined for a ſu- 
perſtructure, in imitation of Trajan's arch 
upon the mole at Ancona, or the Ponte 


Rialto at V. enice, or that Rill more magni- 
ficent 
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ficent deſign i in Palladio for the fame place 
— But I cannot recommend the examples 
as worthy imitation, ſuch immenſe ſuper- 
ſtructures are better diſpoſed in large ſquares 
and ſtreets of grand avenues, eſpecially in 
climates where the weather would for the 
greateſt part of the year forbid the enjoy 
ment of them: add to this, that a bridge 
ſhould not only have all the appearance of 
being light and airy, but be ſo in reality. 


"SEEM 37 
Of the foundations. 


HE foundation of a butment, (Fig. 

8.) when raiſed againſt a ſloping 
bank of good ſound earth, gravel or rock, 
is carried on by returns at different heights, 
as A, B, C. It is eaſily conceived, that the 
intention of this hint is to ſave materials 
and labour. 


Taz foundation of the piers is 'always 
to be made with projections, (Fig. 9.) as 
1 j E 5 © 
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C, D, E; when the bottom of a river 1s 
of good conſiſtence, the projection at bot- 
tom is one fourth of the height LM from 
Leto H; but when the bottom is ſuſpict- 
ous, the third, or one half of LM is al- 


lowed to project from L to I. 


To gain theſe projections without an 
additional expence of materials, let them 
be taken from the thickneſs given to the 
pier in its full length, For example, if 
the intended thickneſs of a pier was found 
to be ſeven feet, give it only ſix feet all 
the way down to the baſe, and let the 
thickneſs at the baſe be eight feet, and it 
will make a projection of two feet, Let it 
be remember'd that we have in Se&. VIII. 
Fig. 3. faid that the angle at the bottom of 
the pier is the point of reſt, or fulcrum, 
where the drift of the arches coincide, 


* *M. Belider relates to have from a pow- 
der magazine, whoſe vault ſplit aſunder 
on each ide in the middle of its reins, and 
WW. 5 1 the 


* Science des ingenieurs, Liv. II. p. 29. 
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the whole length of the building, very 
little time after it had been finiſhed, altho* 
the dimenſions of the piers and counter- 
forts exceeded greatly what was neceſſary 
to ſuſtain the ſhoot of the vault, and the 
work well. finiſhed ; upon his examina- 
tion how this accident could have hap- 
pened, he perceived that the ground had 
given way at the extremity of the coun- 
terforts. This would not have happened, 
if they had taken the precaution to have 
laid two or three ſtout planks at the foun- 
dations, to have had the point of reſt en- 
tirely ſecured, 


| « ; f 
% 


Scamozzi gives four methods to lay the 
foundations of bridges, which may here 
n a propriety be mentioned. He “ de- 

EY _ clares, 


„ The architecture of a bridge ſhould be deter- 
pres according to the ſpot where it is to be ſituated. 
In the midſt of a flouriſhing metropolis, it would be ab- 
ſurd not to have it ſuitably decorated; for, according 
to Cicero, in any works of architecture, this ſhould 
be decided by judgment and taſte, cujus finis eff uſus, ad 
quem accommodanda eft edificandi deſcriptio : & tamen 
adhibenda eft commuoditatis, dignitatiſque diligentia, 
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clares, that the decoration of bridges ſhould 
be in a ruſtick and Fes _ of archi- 
tecture. 


Po reg. , a” 
4. Site 
7 


1. Tux ſpace for the foundation of each 
pier is encloſed with a dam or water-ſtop, 
raiſed with two rows of piles, whoſe heads 
muſt be higher than the level of the wa- 
ter; the ſpace between them is filled with 
clay, or chalk well cloſed in, ſo as to form 
a bank, which can ſtop out the water from 
the ſpot where the pier is to be founded; 
the water is taken off by buckets, or ſome 
other convenient engine, from all the in- 

ſide of the dam, that the workmen may 
work dry upon the bed of the river; and 
according to the nature of its confiſtence, 
the foundation is laid upon piles, planks, 
Sc. but this method can only take place 
where the river is neither rapid nor deep. 


** * 
5 


Tux ſecond expedient is to lay the foun- 
dations, well united togethèf with pins or 
cramps of iron ſoldered in, and covered with 

lead, 
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lead, upon raſts or gratings of good hearty 
oak - timber, very ſtrong and well faſtened 
together; theſe are buoyed up upon the 
ſurface of the water by ſtrong cables fixed 
to other floats or machines; then they are 
let downwith the work that has been raiſed 
upon them, very eaſily and level to the 
bottom of the water, — This method re- 
quires a good bottom, very ſmooth and 
level. — It was practiſed by the emperor 
Claudius in the port of Oſtia, and by Dra- 
guet Reis i in the laſt century at Conſtanti nople, 
for the foundations of the, fine moſque he 
ordered to be built i in the ſea. 


"Pan third. is to turn off the water of 
the river into another bed, or into ſome 
very deep dykes; but then the founda- 
tions muſt be worked up as expeditiouſly 
as poſlible, that they may have. taken good 
hold, and be well felted, before one may 
be obliged to turn the river again into its 
old channel. 


1 ry 4 of , C 
| 3 
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X 1 

Tur fourth and laſt, which he believes 
was the method uſed for the conſtruction 
of Trajan's bridge acroſs the Danube, is 
to cut a new channel juſt near the place 
where the river makes a great elbow, and 
then ſtopping out the water from the ſpot 
where the bridge is intended to be built; 
turn it through that channel cut for i its 
pgs | 2 7 „n ©} 


- 
# — — 
. ” a 


Turs method which he approves' as the 
beſt and ſafeſt, will allow time for the 
work to go on leiſurely, and always on a 
dry bottom. The work finiſhed,” the wa- 
ter is admitted into its old bed, and the 
channel filled up, and its two entrances 
into the river well ſecured, * ett 


To lay the foundation of the piers of a 
bridge, if the bottom of a river is clogged 
with looſe earth and mudd, piles muſt be 
drove in round the intended ſpaces, after 
as much of it is taken away as well can 
be; the ſame muſt be done if there is any 

| looſe 
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loſe ſand or gravel, then clay or chalk 
muſt be thrown in, which * be well 
rammed and beaten. 


Blondel has affirmed, that whatever pre- 
cautions an architect may take for the ſe- 
curity of foundations of any fabrick, yet 
herein he works with great uncertainty, and 
merely by conjecture. For who aſſures 
him, that building upon a bottom of ſeem- 
ing good conſiſtence, (after all the neceſ- 
ſary reſearches) there is not an unforeſeen 
defect that may occaſion the ee of 
the edifice ? SELECT 


An accident of this nature ee 
ſays M. Gautier, at one of the iſles of Ole- 
ron or Re, where a part of the walls of 
a fortification were overthrown, tho' built 
upon a rock. This was owing to a cavity 
therein, which could not = foreſeen, 

BuT Blondel lates, to. con nfirm his aſ- 
ſertion, chat the thick walls of the church 

a E 4 of 
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of Pa! 4. Grace at Paris gave way on one 
ſide, though built upon a good bottom, 
becauſe at ſome fathoms lower than their 
foundations, there was afterwards diſco- 
vered great cavities, which had been for- 
merly quarries of ſtones. 


M. Angelo Buonarota built the cupola 
of St. Peter's at Rome from the very foun- 
dations with all imaginable precautions; 
however, ſince that time it has received a 
conſiderable fiſſure. This has been reme- 
died by a cincture of iron, of great thick- 
neſs, ſurrounding its entire periphery. It 
was by ſome thought, that this fracture 
in the dome was occaſioned by the waters 
deſcending from the Vatican, and M. Ja- 
niculo, that had undermined and ſapped 
the ground under ſome part of the foun- 
dations of this vaſt pile : indeed this, or 
ſome other ſubterranean accident, might 
have been the occaſion of the crack in 
the cupola. T hough, according to what 

is 
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is mentioned by * Badu. after all exa- 
minations made by order of Innocent XI. 
it was ſolemnly declared to have proceed- 
ed from ſome defect! in the bad conſtruc- 
tion in carrying up the building. To 
which may be added the paſſages, galle- 
ries and ſtair-cafes behind the ſtatues - 
8. Veronica and 8. Andrew in two of. 
main piers ; theſe paſſages, galleries, c. 
were made before Bernini's time, 0 10 
only deſigned the decorations to them. 
But yet the popular clamour had almoſt 
made him fall a victim in this affair, as 


the crack was then a freſh and conſ ant 
27 1 \ \\ Y x} , l L 9 118. 111 
matter of talk, * * 
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A ſtory is told, that Bernini meaning 
to be jocular with F. Mochi, who had 
made. the fine ſtatue of 8. Veronica, all 
whoſe elegant and airy drapery appears to 
be blown aſide with wind, aſked him, 
whence comes the wind that fills the dra- 
pery of the faint as ſhe ſtands in the niche? 


Mochi 


Templi Vaticani hiſtoria, 
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Mechi piqued at the raillery,anſwered, from 


the crack you have made in the cupola. 
This is ſaid to have happened i in the hear- 
ing of the pope; upon which Bernini 
precipitately left Rome, and did not reti n 
till the affair was cleared up, and he en- 
tirely acknowledged i innocent, 


* conſtruction of domes, and the 
arches of bridges, being eſtabliſhed upon 
the ſame principles, the above digreſſions 
may not ſeem out of place. 


3 theſe, and ſeveral other ſimilar 
caſualties, M. Gautier concludes it next to 
an impoſſibility to anſwer for the foun- 
dations of an edifice, 


Türer following are the directions he 


| gives to ſecure the foundations of but - 


ments and piers. They may ſerve for 
* moles, rr batteries, Sc. 
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1. By a jettee of large pieces of ſtone 
or rock, carried upon the intended ſpot, 
and laid level to a certain height. 


2. SEVERAL large: gratings of timber 
laid level upon theſe large ſtones, at a cer- 
tain depth under the ſurface of the water. 


3. By caiſſens laid upon theſe: gratings, 
filled with materials regularly built up to 
the ſurface of the loweſt ebb; having good 
quoins and facings of free · ſtone outwards, 
to bear the beating of the Waves: when | 
the: ae are ee is 8 


4. inn ame walls ail cadried An- 
witds to an aſſigned height above the 
higheſt tides ; and here the quoins and 
facing muſt be worked in the ſtrongeſt 
manner, to withſtand the — ridence 
of the moſt Ot ret waves. | 


Fig. 10.) I NE the FT 
a pier upon planks, as A, the bottom muſt 


be 7 Sbort Principles for tbe 


be firſt well examined, and if not found 
of proper conſiſtence, it is helped by a 
thick ſtratum of chalk, as B; then the 
piles are drove in, and over them is placed 
the frame, acroſs which the beams are fix- 
ed, and the planks are nailed down with 
ſtout wooden pins. 


( Fig. 11.) Ar other times a grating is 
framed together, and let down upon the 
bed of the river. The piles then are 
drove in the compartments of the grating 
diagonally, beginning by thoſe of the mid- 
dle, and ſo proceeding outwards; for if 
they begin by the exterior piles, the ground 
would be ſo jammed as not to admit the 
inwards piles to be drove in. Beſides the 
piles drove in the ſpace whereon the foun- 
dation is to be raiſed, other piles are drove 
in all round the grating ; this is called 
border piling. — They are either round, 
as RR, or flat ones grooved into one an- 


other, as Q. 12 75 


— — * 


1 „é 
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Bur there is another method of grooved 
piles, (Fig. 12.) wherein three- plank piles 


are inſerted between two round piles, whoſe 
heads are ſteadied by two parallel ſlips ,, 


that run the whole length of this piling. 
Theſe ſlips are faſtened with pins, to pre- 
vent any of the piles from euing out of 
Abeir . 4 4 


Fr 


Bxsiprs driving piles in contact one to 
the other for border piling, they may be 
drove only on the ſides of the caiſſons, as 
was practiſed at Mefiminſter- bridge, in ſin- 
«gle, double, or triple rows, at ſuch integ- 
vals as the ſecurity of the foundation may 
ſeem to demand their being drove, at a 
greater or leſſer diſtance one from the 
other. 


Pi xs are either ſhaped ſquare or round, 
they are made of any wood that will not 
rot under water. Oak and firr are chiefly 
_uſed. The pointed ends of piles are arm- 
ed with iron ſpikes. The ſpike has a cap 
to 
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to let in the end of the pile, and four 
ſtraps with holes to nail it on. The point 
of the iron ſpike, inſtead of being an acute 
angle, (Fig. 13.) ſhould be made rectan- 
gular; this would fave a ſuperfluous ex- 


pence of iron, ind render it more able to 


break and penetrate into any hard obſtacle 
it might meet with under ground, before 
it could be driven to the intended depth. 


Wurx the foundation does not re- 
quire very long piles, and that the con- 
ſiſtence of the ground gives them eafy 
admiſſion, it will ſuffice juſt to burn their 
points to harden them, without having 
them ſhod with iron. Every pile, how- 


ever, muſt be ſhod round its top with 


a flat iron ring : the uſe of it is to pre- 
vent the violent ſtrokes of the ram from 


On g _ pile. 


On driving piles, the ſtrongeſt and 


longeſt are to be uſed on'the outward bor- 


ders; for in Noce of time, if any unfore- 
| ſeen 
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ſeen accident ſhould fall out, it will with 


greater probability happen to the ' outſide 
than in the middle. To work with pre- 
caution, many little attentions muſt be had 
to the manner of piling, to take all ad- 
vantages from any new Accumſtance that 
ariſes. | 


Tur 11 and thickneſs of f led are 
regulated arcording to the nature of the 
ground into which they are to be driven. 
The trial is thus made: drive in a pile or 
two here and there till the ram takes no 
more effect upon it, hereby you will diſ- 
cover at what depth the bottom makes a 
ſufficient reſiſtance, to judge of its ſoli- 
dity; then obſerving how many feet the 
piles have entered, you may judge from 
thence nearly of the length your piles for 
the work muſt be; I ſay nearly, becauſe 

they muſt be Aus wen ſtill a greater length, | 
for in many places the ground may ad-. 
mit them in deeper than it did in the ex- 
periments. | N 
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Havi diſcovered; the length the piles 
are to be fixed at, in the next place you 
muſt determine their thickneſs. 

Tk diameter of a pile ſhould. be the 
twelfth part of its length; for example, 
thoſe of twelve feet long ſhould be one 
foot in diameter: but this rule only holds 


good in the ſmaller ſort of piles, from. fix 


feet to twelve feet long; for when they 


are eighteen or twenty feet -in length, their 
diameters muſt not exceed ſixteen inches; 
72 7 [ 

Tur thickneſs of plank-piles is alſo fix- 
ed by their lengths: if fix feet long, their 
thickneſs ſhoutd be from three. to four 
inches; and if twelve feet, it may be from 
four to five inches. Plank-piles need never 


exceed this length, the breadth of a plank- 


pile is from one foot to - fifteen inches. 
Theſe. are armed alſo with ſpikes, if the 
hardneſs of the ground requires, it, and 


their tops are bound: with, iron to prevent 


their ſplitting by the ſtrokes of the ram. 
Wurd 
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Warn a pile or plank-pile is to be 
driven obliquely into the ground, their 
points are only ſharpened on one ſide, and 


then they will enter according to their in- 
tended inclination. 


ALL the grooves in any viles muſt be 
made full wide enough, to admit the in- 


ſertion of the others with entire eaſe and 
liber ty. 


Tur piers of a bridge are oftentimes 
obliged to be ſecured by ſtarlings, when- 
ever they have not had their foundations 
at firſt carefully laid, or that the water has 
found means to undermine them by any 
alteration in the current, and ſo tears up. 
the bed of the river; this evidently menaces 
the deſtruction of the bridge; and though 
ſtarlings, by occupying a greater ſpace in 
the river increaſe its rapidity, yet in ſuch 
a caſe, the leſſer evil muſt be accepted, in 
order to avoid a greater, 


* 
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Tux ſtarling of a pier is a jettee, made 
at a due diſtance from the pier, and ſur- 
rounds it; this ſpace is bordered round 
with piles and planks, and then filled up 
like a dam with great pieces of rough 
ſtone, or others; theſe thrown in, fink 
into thoſe cavities the water has worked 
at the foundations, or under. 


1 


Wuen the jettee is compleated, the ſur- 
face of the ſtarling ſhews by its depreſſion 
when there are more vacuities below, and 
that it requires a ſupply of materials laid 
upon it to anſwer the removals at the bot- 
tom, for the ſecurity of the pier. This 
requires a conſtant inſpection. M. Gau- 
tier had recourſe to this method at the 
bridge of Toulouſe, where the baſe of one 
of the piers was in this ruinous condition. 
There yet remains ſomething more to be 


ſaid concerning foundations, before we | 
cloſe this ſection, 


- 
6 ＋ 


29 


Tu 
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Tux canal of Languedoc, which joins 
the Mediterranean to the Ocean, is a work 
worthy of any nation in its higheſt pitch 
of grandeur, Mountains were cut through, 
channels were built acroſs a river for its 
paſſage, The bridge of Ceſſe was raiſed 
for that purpoſe, whoſe arches bear upon 
them a body of water equal in length 
to the breadth of the river it croſſes, and 
broad and deep enough for the navigation 
of the boats and barges, with ways on 
each fide for the men and horſes that draw 
them,—Yet the foundations of this pont- 
aquedud are built only upon ſhoals of large 
pebbles, which form together a ſort of ſo- 
lid petrified bank. But in a hundred places 
where theſe ſhoals might be, not one per- 
haps might prove favourable to fix foun- 
dations upon. 5 


We have heretofore mentioned caiſ- 
ſons without explaining them. They are 
flat-bottom boats, with a ſtrong floor of 
plank ; their dimenſions are fitted to the 

F 2 figure 
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figure of the plan of the pier, then the 


work is laid in them, and their ſides, as 


they ſink, are raiſed a little higher than 
the level of the water, that the work may 
not be interrupted. The caiſſon for the 
firſt large pier of Weſtmin/ter-bridge, where- 
in the late earl of Pembroke laid the firſt 


foundation- ſtone, was reckoned to contain 
above 150 load of timber, and exceed in 
. tonnage a man of war of forty guns. 


(Fig. 14.) In very bad bottoms the in- 


terval of the piers is occupied by a reverſed 


arch, fo that the bridge is built upon a 
cauſeway. See the figure. 


To conclude, architects have made very 
needleſs expences in making the founda- 
tions of moſt edifices ,too deep, not con- 
fidering that this contributes nothing to 
the ſolidity of the building. For of two 
things, one, either the bottom is good or 


bad: if good, then the building may be 
raiſed on it with all fafety : if bad, one 


ſhould 
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ſhould have recourſe to a broad thick 
platform and gratings, without digging to 
ſeek for a more ſolid earth, when it may 
turn out worſe, eſpecially if the nature of 
it is very looſe and moveable, in which caſe 
piling muſt then be uſed. How does that 
noble fabrick, the Stadthouſe at Amſter- 
dam, ſtand ſecure? The cathedral at Pa- 
ris, and the bridges of that city, have very 
little depth of foundations. Therefore, as 
M. Belidor obſerves, the whole is to have 
firm baſes; and where it is not naturally 
found, recourſe muſt be had to the ex- 
pedients juſt mentioned; and let all at- 
tention be given, that all the elevations 
of a building be carried up equally, and 
with equal good workmanſhip and ma- 


terials, 


F717 : - -- - 
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SECT. XII. 


Of the wooden cintres, and of materials. 
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HE cintres are timber ſcaffoldings, 

made to turn the vouſſoirs of the 
arches upon, and to ſupport them in their 
different poſitions, according to the pro- 
greſs of the work. 


e 
n 
„ 


| e require other ſcaffolding to 
ſupport and fix them ſteady in their re- 
ſpective ſituations. 


Tur requiſite conditions of a cintre 
are, that by conſtruction its ſtrength ex- 
ceeds the weight it is to bear; and all its 
pieces ſhould compoſe one entire frame, to 
ſupport equally in all its points the weight 
to be laid upon it, each part according to 

its direction and dimenſion. 


Txt two figures we have deſcribed will 
give an idea of the diſpoſition of the tim- 
bers, 
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bers, the one for a ſemicircular arch, the 
other for a ſcheme arch. (Fig. 15 and 16.) 


Ix this place may be inſerted a table of 
the breadths and thickneſſes of timber- 


beams, according to their different lengths, 


increaſing by three wouy from 12 to _ 


Feet. + 


Length.—Breadth. — Thickneſs. 


12 feet 


| * : * 
10 inches, by 12 inches. 


18 — — * 
R PR 
24 — — 14 — 
27 — — 15 — 
098 16 — 


RC ee 
36 — — 18 — 
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15 
16 
18 
19 
24 


22 
23 
24. 


Taz manner of king down the cin- 
tres of a bridge, demands all the atten- 
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tion of him by whoſe inſpection the work 
has been brought to its laſt period. Then 
will he be able to notice many failures as 
yet imperceptible. 
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Tnx cintres cannot be taken to pieces 
without firſt looſening them; and they 
ſhould not be looſened but by little and 
little, removing ſome of the pins, blocks, 
and wedges that bind them. The reaſon 
why this is to be done ſo gradually, is, 
that the arch bearing upon the center may 
ſettle itſelf equably in every part. 


I q FE 1 


A cintre is to be left ſome time under 
the work, to ſee if the arch makes any 
effort under the weight it bears, and of- 

fers to draw to the cintre ; any damage 
at the key-ftone ſhould now be repaired, 
which from 'time to time muſt be care- 
fully verified, 


- Wren at laſt it is found that the vouſ- 
foirs have made their utmoſt efforts, the 


whole 
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whole eintre is then unpinned, the planks 
which formed its convex ſurface are car- 
ried away, afterwards the pieces which 
made up its curvature, with the braces, 


punchins, &c. 


WHATEVER piles remain with their 
ends fixed in the bottom of the river, 
which ſerved for the ſcaffolding to the 
cintres, are either to be ſawed off very 
low under water, or drawn up; to do the 
latter, their heads are bored through large 
enough to admit a ſmall cable to be in- 

troduced, which after is twiſted upon a 
| handſpike, and then the pile muſt be forced 
round its point, this looſens it in the ground; 
the pile is drawn, pulled upwards by a a 
purchaſe from two boats, the one to act 
on one fide, and the ſecond on the other. 


ALL theſe precautions are hinted as in- 
diſpenſable ; by not taking heed to them, 
it may ſometimes prove of bad conſe- 

quences, as when by ſuddenly and raſhly 
85 taking 
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taking away the cintres of a great arch, 
before it is entirely ſettled, one perceives 
_ at working every moment by the gaps and 
ſhatters in the vouſſoirs, which ſoon are 
unable to ſupport the weight of the work, 
it then muſt inevitably fall into the river ; 
there the materials periſh, and oftentimes 
obſtruct the navigation, M. * Gautier 
avers to have ſeen the like misfortune hap- 
pen to very conſiderable bridges, which 
might have been avoided, if the above 
given maxims had been followed, as at 
the bridge at Courſan in Languedoc (whoſe 
great arch was between ſeventy and eighty 
feet) whither he was ſent by the ſtates of 
the province to remedy that accident; by 
* his advice it was repaired, and the work 
FY has remained durable and ſolid. 
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| (Fig. 17.) Tris repreſents the moſt 
ſimple engine for driving piles; it will do 
in ſhallow waters, and for the leſſer ſort 
of piles. I have by me the ſketch of one 
| worked 

*® Traite des ponts, p. 80. 
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worked by four men, with a ſpindle, and 

drum, ſpring-tongs, &c. to let fall the ram 
and take it up again, upon the ſame princi- 
ples as that which ſerved for Meſiminſter- 
bridge; to this I objeR, for its being worked 
by borſes. The drawing 1 mention, is of 
one made at Verona, and was uſed in the 
year 1746 to drive the piles in repairing the 
dykes of the river Adige. The perpendi- 
cular height of its two guide- poſts, from 
the patten, is about thirty-five fert. 


"far us give an explanation of the e en- 
gine, as deſcribed in the figure. _ 


. The ſole or patten. 5. — 
with horizontal braces. c. The two up- 
right guides to, d. The ram. e. The ſide 
braces to the uprights. - J. The back-ſtay, 
with the the ladder-ſtales. g. The prop. 
5. The pullies. f. The ropes, —The ends 
of the main ropes are divided into as many 
ſmaller, as there are roquiced men to work 
the ram. 2 


ONE 


* 


y — q Mins. hs * 4 — — — — 5 . —D = — 
* — = 0 _ 1 r 7 Pn * —— - | — 2 — - . 
. 0 W 32 y * - — 1 * * * 8993 UW * * 19 72 4 1 4 * 3 
a,” 2 © „* TS < 0 8 8 * 4 N 5 , <1 FE. v7 > 2 7 2. : 75 * 
* . - — 92 rr £ =. g e A = „ —— MH - 3 3 FS a > & 2 * v $2 
2 r a — A nas" — 4s 9 * ane Pg” + rt” — — 3 Way l 1 N 
VG 2 . * RC * N * r. 2 — 33 by : * 3 > ot bs 35 I wh. CRE — *, tid, —_— - 48 2 
= : Ex „ * . * 7 4 _ > - 4 — 4 - * - 4 by — ＋ 8 oh 
£ . —. es — = 4 2 e r N OE 2 .. 8 s 
= * IF * 7 WIA &r age 8 4 c OO 9 bk re - 2 * he” Is _— — N Fw — * — * F 80 — 
* KC 1 * 4 — — » Rev * — — — 0 an * 27 4 VE * 12 o ſy — « 4 4 py n — N * 
—1 3 * 4 ** * 4” ko Y 2 _— 2 * > + 36.0 > x EV ” 0 35 * * 3 < _—_ - 4 wt * 8 . Sl. 
af : « N - 7 & 1 =. £- 7 . 253 1 4 - * 5 * 2 hots * ” J vs 7 5 8 - 
— — SOR” - VF? = 5N 8 8 - — 23 5 - + "I : — A * * , * 4 — — * * 
R bo — 8 Wan, 2 ; * * n * * * "CIR" * "" . 
TY 9 * ; 4 — 1 1 S — — er 2 * — " 
od 2 _—_ . : * 
- 


S Hu TOO + 
- * 83 - 
7 —>y 


76 Short Principles for the 


One word about the materials. What- 
ever theſe are, whether of hewn ſtone, 
or of brick, they ſhould be expoſed in 
parcels a whole year to the weather, in 
order to reje& ſuch as during that time 
are not of good proof againſt the heat of 
ſummer, and the froſt of winter : too much 
precaution cannot be taken to try their 
goodneſs when not already known, in 
works of the leaſt conſequence. 


Tux quality of the earth to make bricks 
of, and their being well burnt, are two 
very eſſential points; the excellency of 
the lime muſt be looked to, and that the 
mortar be made fine and good, that the 
work may take quick hold, and bind well 
together, 


Tux hardeſt materials make the ſtrongeſt 
buildings, all dimenſions equal ; therefore 
every article that can contribute to the 
beauty and ſolidity of an edifice, ſhould 
be minutely examined, that whatever it 

88 may 
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may be that is intended for publick uti- 
lity and ornament, may be ſo executed as 
to remain permanent, to the advantage 
and admiration of poſterity. 


I cannot finiſh this eſſay better than by 


a few lines to the purpoſe | from Sir H. 
Motton. | 


% Now concerning the material part; 
although ſurely it cannot diſgrace an 
« architect, which doth ſo well become 
a philoſopher, to look into the proper- 
ties of ſtone or wood: as that firr-trees, 
« cyprefles, cedars, and ſuch other acreal 
« aſpiring plants, being by a kind of na- 
« tural rigour (which in man 1 would 
call pride) inflexible downwards, are 
thereby fitteſt for poſts or pillars, or 
« ſuch upright uſe: that on the other 
« fide, oak, and the like true hearty tim- 
« ber, being ſtrong in all poſitions, may be 
© better truſted in croſs and traverſe work, 
* for ſummers, or girding, or binding- 

© beams, 
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beams, as they term them. And fo 
likewiſe to obſerve of ſtone, that fome 
are better within, and other to bear 
weather ; nay to deſcend lower, to exa- 
mine ſand, lime, and clay (of all which 


things Vitruvius hath diſcourſed with- 


out any daintineſs, and the moſt of new 
writers); I ſay, though the ſpeculative 
part of ſuch knowledge be liberal, yet 
to redeem this profeſſion, and my pre- 
ſent pains, from indignity, I muſt here 
remember, that to chuſe and fort the 
materials for every part of the fabrick, 
is a duty more proper to a ſecond ſuper- 
intendant over all the under artizans, 
called, as I take it by our author, i- 
cinator, lib. VI. c. 11. and in that ex- 
preſsly diſtinguiſhed from the architect, 


whoſe glory doth more conſiſt in the 


deſignment and idea of the whole work; 
and his trueſt ambition ſhould be to make 
the rox x triumph over the MATTER: 


whereof I cannot but mention, by the 


way, a foreign pattern, namely, the 
church 
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church of 8. Giuſtina in Padua; in | 
truth, a ſound piece of good art, where 
the materials being but ordinary ſtone, 
without any garniſhment of ſculpture, 
do yet raviſh the beholder (and he 
knows not how) by a ſecret harmony 
in the proportions. . And this indeed 
is that end, at which, in ſome degree, 


we ſhould aim even in the privateſt 
works.” 


Tu [ 80 ] 


a £8 2; 8 D-1 x 


O make this little piece more ac- 
ceptable to thoſe who delight in 
the ſtudy of architecture, I have deſigned a 
few decorations * of elevations; to which 1 


| have 

It is far from being improper to advance, on the 
ſubject of decoration, that for greater variety, and to 
preſerve the true antique purity and elegance of deſign, 
a review of ancient medals is no leſs uſeful to the ſtu- 
dious architect, than to him who in a different light 
ſeeks by their means to diſembroil and illuſtrate hiſto- 
rical facts. am happy to find this opinion ſo well 
ſupported. You here ſee (ſays Addiſon) the copies of 
ſuch ports and triumphal arches, as there are not the 
leaſt traces of in the places where they once ſtood. 
You have here the models of ſeveral ancient temples, 
chough the temples themſelves, and the gods that 
were worſhipped in them, are periſhed many hundred 
years ago. Or if there are ſtill any foundations or 
ruins of former edifices, you may learn from coins 
what was their architecture when they ſtood whole 
and entire. Theſe are buildings which the Goths and 
Vandals. could not demoliſh, that are infinitely more 
durable 
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have added, upon the ſame ſcale, the cen- 
ter arch of Męſtminſter-bridge. It is by 
comparing any invention with ſome ap- 
proved work already executed, that we 
durable than ſtone or marble, and will perhaps laſt 


as long as the earth itſelf; they are in ſhort ſo many 
real monuments of braſs. 


J have ſelected the four following as appoſite to the 
preſent ſubject, and I muſt not omit to give ſome ac- 
count of them for the ſatisfaction of the curious 
Reader. 
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can form in our minds a more perfect no- 

tion of the effects of its compoſition; in- 

deed, I had once thoughts of giving the 

deſigns of the moſt noted bridges in Eu- 

rope, 

FicukE I. The reverſe of a medal taken from Golt- 
zius de re nummaria, Tom. JI. Tab. 221. 
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It repreſents an ancient Roman bridge, in the Ciſal- 
pine Gaul, of two arches only, with columns at each 
butment and at the intervening pier; at each ſide is 
a tower with ſteps to aſcend to the paſſage over the 
bridge. This conſtruction makes me readily imagine 
that ĩt was erected. as a fort, and not merely as a place 
of free publiek tranſit. The pier being in the middle 
of the river, contrary to the common rules of art, 
might in this caſe have been ſo contrived on purpoſe, 
that no barks might have paſſage upon the ſtream but 
within reach of being deſtroyed from either one or the 


other of the towers, if they ventured to approach with 
any evil deſign. 


Figure II. This is alſo from Goltzius, Tom. II. 
| Nomiſmata Aug. Cæſaris, Tab. 46. 


| There are three others in the ſame ſeries with tri- 

umphal arches upon the bridges. The ſubject of the 

four, as their inſcriptions declare, is the reparation 

and good order of the highways, quod vie munite 

fant. Under this article was included the building of 
| bridges. 
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rope, but to execute a work of this nature 
with any ſuitable degree of correctneſs and 
elegance in the plates, would require a 
conſiderable and certain encouragement. 


1 


bridges. Dion lib. LIII. cum videret Auguſtus vias 
extra urbem aliquam diu neglectas, diſficilia itinera exhi- 
bere, reliquas Patrum quibuſdam propriis ſumptibus re- 
fictendas mandavit, Flaminiam, quoniam eo ducturus 
erat exerctum ipſe procuravit; eftqus ea flatim inſtau- 
rata, ac ob id, flatue Auguſti ſunt ſupra aras in ponte 
Tiberis & Arimni poſitæ, relique vie poſteriori tempori 
refectæ, five publicis, ſue ipſius Auguſti ſumptibus, hoc 
factum quis dicere velit, neque enim quid inter __ & 
publicum erarium interſit, ſatis video. 


The architecture of the ſuperſtructure in this me- 
dal is the lighteſt of. any. Two trophies are elevated 
about the center, Adjacent to theſe, but much lower, 
are two triumphal arches, whoſe archivolts terminate 
upon columns, leaving a void ſpace between them, 
and the greater columns at the angles. The equeſ- 
trian ſtatues at the top make an airy and complete 
finiſhing to the order. 


Ficue III. To be found in Numiſmata area imperat. 
| J. Vaillant. 


It is the reverſe of a medal, with the head of Auguſ- 
tus, The learned antiquary who has publiſhed it, 
G 2 gives 
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I 'was informed of the new intended 
bridge acroſs the Thames, between London 
and Weſiminſter-bridge, in the ſpring 1753, 
juſt as I was going to embark at Naples, 
in a trip to the Archipelago, Greece, and 
ſome other parts of the Levant, The 
grand remains of Rome only raiſed in me 

. nh 
gives us this account — Auguſtus colonia Buthrotum do- 
dufita pontem ad urbis commoditatem in Ambracio ſinu ſu- 
per Acherontem ftruflura inſigni fecit, cujus meminit 
-PLINIUs lib, 4. cap. 1. Colonia Buthrotum maximeque 
nobilitatus Ambracius ſinus, D. paſſi faucibus ſpatioſum 
equor accipiens, longitudinis XXXIX. M. paſſ. in eum 
defertur amnis Acheron e lacu Theſprotiæ Acheruſia pro- 
fluens XXXYT. M. paſſ. inde, & MH. pedum ponte mi- 
rabilis omnia ſua mirantibus,—Buthrotii beneficii me- 
mores pontis figuram in Auguſti nummis ad æternum rei 
monumentum celgrunt. 


Lo conſider this medal in point of architecture, 
we may obſerve a portico of equal intercolumnations» 
arzoſtyle, to the number of five, raiſed to ſpread on 
each fide from the center of the bridge. From this 
.diſtance of the columns, I ſhould judge it to be of 
the Doric order. This with the beautiful proportions 
and ſymmetry of the other parts, might indeed make 
it a work worthy of the admiration of the beholders. 

VVV 


K ., 
- 


APPENDIX. 85 


a ſtronger deſire to ſee the charming, yet 
more deplorable ruins at Atbens; more 
deplorable, as they daily ſuffer horrid de- 
vaſtation from the blind and ſtupid zeal of 
the Turks : a few years longer, and theſe 
Barbarians will ſcarce. leave any traces 
worthy a traveller's notice. It was in this 
excurſion that I compoſed the firſt ſketches 
of a bridge, upon the ſame breadth and 
depth of water as that at Weſtminſter, 
which I imagined was nearly enough a- 
8 3 dapted 

Ficure IV. The type of this coin is taken from 
Havercampi, Nummophylacium Reginæ GChriſling, 
Tab. 63. 9 WINE 
It is given as the reverſe to a medal of Septimius 


Severus, ſuppoſed to have been ſtruck on the oocaſion 
of his building ſome fine bridge. | 


What is obſervable, are the towers at the extre- 
mities, whoſe ſummits are either adorned with ſtatues, 
or ſuppoſed to be manned with ſoldiers. Below theſe 
in pannels, at the ſides of the towers, are repreſented 
feſtoons of flowers. In the water is delineated a boat 
or bark, (the ſame is in the firſt figure ;) theſe are 
added in all probability to ſtrike our minds with the 
notion of the rivers being of ſome conſequence, and 
navigable. 
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dapted for the deſign in general. Nor 
have I ſince ever had any other obſerva» 
tions of the ſpot. 


I found myſelf abſolutely obliged to ex- 
clude the ſemicircular arch, from the ſhal - 
lowneſs of the -bed of the river, and of 
its banks. I therefore fixed either upon 
an arch whoſe height was little more than 
one fourth of its aperture, or upon one 
whoſe height to its extent was as two to 
fix. The latter I cauſe to ſpring from the 
low-water mark, the former from the high- 
water level. This point however is not 
preciſely determinable, without having be- 
fore one the exact ſection of the river, with 
the profile of the two ſhores, c. Let 


us haſten to an explanation of the follow- 


ing decorations. 


Fig. I. 


A deſign the leaſt ornamented of any, 
as to the arch and its fillings. At the in- 
teryal of two arches ] have deſigned a pro- 

jection 
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jection of large blocks of free-ſtone, and 
in the upper part a table; on this the ſculp- 


tor might exerciſe his art in the execution 
of a bas - relief. 


Jus above the angular projection of 
the pier is a circular vacuity, called by 
ſome authors the eyes of a bridge, there 
are ſuch at the beautiful bridge of Tou- 
louſe. They are chiefly intended for bridges 
over rapid rivers, liable at times to inun- 
dations, as they facilitate the paſſage of the 
waters on ſuch occaſions. Sometimes theſe 
are circular, at other times deſcribed like 
niches, hollowed thorough the full breadth 
of the bridge, as at Pont S. Eſprit. 


Fig. II. 


A ſecond elevation decorated in a Ruf- 
tick taſte, The Ruſizck is no innovation 
of the moderns, there are examples of it 
from antiquity ; among others I ſaw it in 
the ruins of the theatre of Bacchus at 

64 Alben. 
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* Athens. . One very neceſſary caution in 
the uſe of i it, is to adapt it properly, and not 
to charge any parts, eſpecially columns, 
unmercifully with it. The palace Pitti 
at Florence is too much ſo; on this account 
it has all the air of a priſon or an arſenal, 
rather than of a princely habitation. 


— 


F ig. III. 


A decoration of a more ſvelt and airy 
aſpect. All the exterior work for ſuch a 
defign ſhould be of very fine hard ſtone, 
that the ſeveral mouldings of the cornice, 
pilaſters and archivolt might be cut with 
ſharp profiles; for without this attention 
in the workmanſhip of the materials, the 
beauty and intention of ſuch a deſign is 
loſt. 


Fig IV. 


a deſign of Ruftick ornament for 


its -archivolt, with niches, in the interme- 
diate 


of Athens, &c, 
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diate ſpaces. of two arches. The -niches 
are crowned. with pediments of Tuſcan 
diſtribution, and bordered with Ruftick 
vermiculated quoins, / 


Fig. V. 


 RepRBsENTSs a deſign which I compoſ- 
ed for my elevation of the new- projected 
bridge. The arch is ornamented with ra- 
diated bands, and all the vouſſoirs in the 
fillings of the arch prolonged in the ſame 
direction taken from the center. — This 
method is happily executed at Meſiminſter- 
bridge. The intervals between the bands 
is in ſeſqui-alterate proportion of their 
breadths. On each fide the arch is a ta- 
bernacle modulated after the Dorick ordi- 
nance. The columns without baſes ; they 
ſtand upon a projected plinth. In that 
part of the baluſtrade over the taberna- 

cles, is a receſs crowned with a circular 
pediment, for the ſame conveniency and 
ſhelter of foot-paſſefgers as the turrets at 
Weſtminfter-bridge. In all theſe deſigns, 1 
AF | con- 
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confider the height of the baluſtrade muſt 
be in full proportion with every other part 
of the arch, the ſafety of the paſſage re- 
quires it, as well as the rules of ſymmetry, 


— ” A 
. . vi i PIES T_T - 7 
PO Toes age Po Ree. ne. Pha... ä 
5 * ads : 8 — 
5 - — 2 * ren 


* R 
8 „ 
— D * 


n « "_ * * 4 * 


Fig. VI. 


Tux center arch of Weſiminfler-bridge 
taken from an authentick deſign. This 
decoration affords a very beautiful ſym- 
metry. The * modiglions of the cornice 
are modelled upon thoſe of the ſecond ex- 
terior cornice of the Rotunda at Rome. It 
were to be wiſhed, that the aſcent from 

the 
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*Palladio has not decorated one of his ſtone- 
bridges without modiglions. A ſhort-ſighted con- 
noiſſeur, conſiders them only as belonging to the roof 
of an edifice, where they are deſigned to repreſent the 
ends of the rafters; but are there no flat roofs, and 


then may they not with as much propriety reprefent 
the ends of the joiſts ? 


Sopra queſte, ſono paſte altre traui per traverſe, le 
quali fanno il piano o ſuolo del ponte, e ſportano con le 
loro tefie al quanto fuori del rimanente del opera, paiono 
* i modliglioni di una cornice. 

1 I e Palladio del ponte di Baſſano. 
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the ends to. the center. of this fine bridas ; 


had been made leſs, for by this declivity 


the objects vaniſh at about half way, and 


the mind tires with the notion of conti- 
nually aſcending. Both for the ſake of 
conveniency and beauty, the road over a 
bridge ſhould be as level as poſſible; and 
if any aſcent is requiſite, it ſhould be 
ſomething more ſudden, and taken at one 
or both extremities ; the bridge at Rimini 
has this aſcent only at part of one of the 
extreme arches. 


Taz length of Weſftmin/ter-bridge is 
equal to about two fifths of the Mall in 
St, Fames's Park (or 1223 Engliſb Feet): 
how delightful would it be to have an 
uninterrupted v: ita this whole extent ? 


In cities expoſed to the frequent vi- 
ciflitudes of war and peace, the command 
of a bridge from one extremity to the 
other is an effential confideration, as it 
may prevent any lodgement being made 
: upon 
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upon it, without having recourſe to the 


ſad neceſſity of breaking it down; for 


when that happens, in a few hours may 


be ruined what has been a ſubject of great 
labour and expence for ſeveral years. 


I have been perſuaded to add an ele- 
vation of my deſign for a bridge; it was 
delivered by a friend of mine to a perſon of 
eminence in the city, ſince deceaſed; but I 
have reaſon to believe, that it was by him 
at once condemned to the obſcurity of ſome 
dark corner: ſince that, it has been offered 
to another magiſtrate; this, as it came ano- 
nimouſly, and too late, has paſſed unno- 
ticed, and I have only, within theſe few 
days, had it returned. It would have 
piqued me too ſenſibly to have had the 
production of ſome years ſtudy and ex- 


pence, gone off in the blaze of the beſt 
6 RE 


T HE raught 1 here give (Plate IV.) 
have reduced to the ſame ſcale as that pub- 


liſhed - 
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liſhed | in the London Magazine for March 
laft, on aſſurance that it is authentick and 
publiſhed by conſent of Mr. Myine. I 
have not the advantage to know this gen- 
tleman ; yet from the character he bears 
as an artiſt I wiſh him all the ſucceſs his 
riſing merit deſerves. But, as in matters 
of art and ſcience, every human produc- 
tion is liable to fallibility, to point out 
faults muſt not be conſtrued into a ſpirit 
of detraction, when it is done with a mere 
view to ſtrike at error, and for the readier 
advancement to all the perfection that the 

ſubject will admit of. | 


I ſhall therefore take the liberty to ob- 
ſerve as follows of Mr. Myine's deſign. 
The decoration, as there intended, is void 
of that eurythmy which affords the ve- 
nuſta ſpecies e@dificit ; for there is a horti- 
ble diſproportion between the columns 
and the receſſes which they are intended 
to ſupport, which is rendered more, ſtriking 


by the littleneſi of the pediments. Such a 
| diſ 
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diſtribution has all the air of thoſe Lapland 


huts, ſupported upon the trunks of one or 
two tall firrs, wherein the people of that 


country are ſaid to keep their proviſions ſe- 


cure from the inſults of bears and other 


wild beaſts, As to the columns being de- 
tached, it would have been preferable to 


have taken the requiſite projection of the 
pier for ſupport to the receſſes above, and 
to have made the columns only in a part of 
their diameters, ſaillant from the wall. 
The fide views of theſe columns will ſerve 
no other purpoſes than for the watermens 
boys to play at o-peep. I am fully con- 
vinced that there is an error to be conti- 
nually ſinking the diameters of columns, 
whether ſquare or round, into the thick- 
neſſes of walls, and by theſe means giv- 
ing all the air and effect only of a painted 
ſcene to an elevation, ſo that in many 
caſes they might all be ſhaved off without 
detriment, nay, many times with advan- 
tage, when injudicioufly deſigned RES 


— and judgment. 


AN- 
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ANOTHER grand diſproportion of theſe 
columns i is with reſpect to the ſtatues ſup- 
poſed to be placed between them. For 
though a ſtatue placed on the ſummit of 
a column, with its entablature, is made 
in much ſmaller proportion than theſe are 
ſuppoſed to be, there its elevated ſituation | 
gives it an air of dignity ; but where the 
proportion of columns ſo greatly exceeds 
that of a niche ſuitable to the intended 
ſtatue, the oppreſſed figure (unleſs of the 
fize of the Coloſſus of Rhodes) has all its 
fignificancy overwhelmed in ſo diſadvan- 
tageous a ſituation. 


95 


I cannot apprehend there can be any 
conſtruction of the. materials to render an 
elliptical arch of equal ſtrength to a ſemi- 
circular, or portion of a circle of the ſame 
baſe and height, I am inclined to give a 
plain geometrical ſtate of the caſe, where- 
in the materials are diſpoſed in the uſual 
radiated manner, and by this let any” one 
_ 


Con- 
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| CONSIDER 
C in this figure 
_ whoſe arch is 
. elliptical, and 
' P in the other 
underneath, whoſe arch is a portion of 
a circle of equal baſe and height, equal 
parts of the arches are interſected by 
lines drawn from their centers. Now 
if the whole - ſuperior part of the arch 
BADC is confidered as a wedge act- 
ing againſt the two piers, and the lower 
parts of the arch to drive them off ; the 
more the angle ABC is acute, the more 
power will be given to the wedge, by the 
laws of mechanicks ; or if one looks upon 
AB as an inclined plane, the more it in- 
clines to the perpendicular DB, the more 
the part AD, which tends to fall out of 
its place, will have power to deſcend, fince 
16S the relative oppoſing power in EA will 
1 always be leſs than it would be if the di- 
15 rection of AB drew nigher to an horizon- 
tal line. | | 
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Now in this 
other figure; af | 
one looks upon 
wages it will LI 

be found that \— 
the angle QSR 
is by ſeveral degrees not ſo acute as ; ABC, 
the wedge therefore, therein conſidered, 
will have leſs power to drive off the twa 
piers, and the, parts of the arch below Q 
and R, than in the former figure, where 
the angle of the ſuppoſed wedge is ſo much 
more acute; And if the line -QS is con: 
fidered as an inclined plane; it "myſt be 
taken for granted, that being more inclin : 
ed to the horizontal, the part QY wall be 
leſs diſpoſed. to deſcend 4 the part A 
of the ellipſis, in the former figure; cons 
ſequently all the vouſſoirs, that make up 
the ſcheme arch, being taken as wedges, 
or as bodies tending to deſcend on incil- 
ned planes, will have leſs powers to fall 
than the vouſſoirs of the elliptical arch, 
From this may be abſolutely concluded, 


that the elliptical arch has more perpendi- 
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cular ſhoot than the portion of a ſemi- 
circle of equal baſe and height. 


BesIDEs this perpendicular ſhoot, let 
us now examine the lateral preſſure of the 
two arches, 


Tux lateral drift of arches is in direc- 
tion of the tangents drawn perpendicular 
to the radius, which in both interſects an 
equal portion of the arch, Now in the 
firſt figure, the tangent MD being inter- 
ſected by the perpendicular KA, makes 
the angle MAK more obtuſe than in the 
other figure is the angle VQP formed by 
the tangent VV, interſected by the per- 
pendicular PQ. Therefore the preſſure 
of the elliptical EAD is more lateral than 
the arch VQY, and the lever MF is longer 
than the lever LT, conſequently the arch 
EAD requires a ſtron 1ger pier than the 


arch VQY, being in every reſpect, cæte- 


ris paribus, weaker. 


% 


WHAT 


APPENDIX 99 
Wäͥuar M. Muller * ſays in favour af 
the elliptical, that it ſaves materials by the 
vacuity at the ſpringing and upwards, is not 
true in practice, when more materials than 
theſe ſavings are requiſite to the difference 
of the pier of it, and of the en 
131 
„ar by 3 vapuity it at A freer 
paſſage for navigation, is too 2 an ar- 
ee in its favour. 


TY $75 9 $2303 

— by this vacuity it has more grage+ 
fulneſs of appearance, is the ſame. as to 
aſſert, that the leaning towers of Piſa ot 
Bologna ſhould ſerve as models for our 
houſes and churches. 


As to my deſign, conſidering the ſec- 
tion of the river true, as laid down in the 
above-mentioned of M. Mylne's, for I am 
not otherwiſe informed of its ſoundings, 
J have fixed the height of my arches at 
ſomething more than one fourth of their 
aperture. The ſhallowneſs of the river 
has 


* Treatiſe of practical fortification, 


by 
» 
1 U 
* 

„ 

+ 0 

Þ 

be! 

. 

1 

* 

7 

3 

'» 4% ' 

4 
3 
* 1 

1 

jd 's 
1 * 
> 4 4#% 

. 
4 
; 4 a 
* * 
p * 
* 
> g 
WV 
Ss. © 
o . 
= £ .* F 4 
© . 
2 
10 1 
„ > 
CST 
—- = 56 
F * 
mM #4 j 
5 
* 
. 
1 4 
1 * 
. 
2 74 
08 ©» 
© þ 
* 
1 
. 
79 
g 188 
F a 
&&3 * 
. n 
14 
1 4 4 1 
. 
» Þ +3 
* 
* A 
141 * 
9 - 

} 

5 9 
it 3% 
4+ T 
F: f 
\ a 
T7 * 

4 4 
"7 
- 3 
7 4 
by 
9 
= 


jos 
* 


— —ñ—é—ô ß —— jn —U—ñj—ũ—ę 


5 - 4 
4 5 — 
- J — 
— 15200 * * * 
* * 0 $ = 
* oy 
. 7 
4 of 
, . * g= f 
- 
» — 
OY — 2 
5 — — , BR a os = 
4 4. 
- 


ſpring from high - water mark. — This 
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has determined me to make my arches 


method takes up much leſs ſpace in the 
breadth of water, and the ſhortneſs of the 
piers, with good baſes: and foundations; 
will be found able to allow of this con- 
ſtruction, if the ſolidity of the materials 
wie is anſwerable, 1 


In a bridge of ſuch LEE? the crown 
of the center-arch ſhould be marked by 
ſome diſtinguiſned notice, that the be- 
Holders may at once catch the middle of 
ot wot gra ct XS 
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